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INTBODUCnOU — PBOCBSSES—COLliODION PBOCKB8 —PHOTO- 
aHAPHIC CAMEEA—PBACTICAI, DETAILS OP WOEKINO— 
DAEX CHAUBEB. 

The Bcientiflo art of photography, altboiigh of recent introduc¬ 
tion, is of Buoh great importance, and is so extensipoly employed 
in all branehes of soienac, art, and manufactures, that a teoh- 
nioal .education oan scarooly be considered as oomplote without 
a knowledge of it. The eerviues rendered by so ready, simple, 
nnd aoourate a method of recording facts, and of copying scenes 
from- nature, drawings, or machinery, con scarcely be over-esti¬ 
mated ; and the importance of the art may at once be judged 
from the fact that tho governments of most countries consider 
it advisable to train a special body of men as photographers, 
that they may accompany any military expedition of importance, 
and by its means record any noteworthy events of the campaign. 
Under tlmso cironmatanoes wo propose offering in these pages 
snch instruction as may enable onr readers to secure photographs 
of any scones or objects of which copies may be required. But 
it is necessary to observe at tho outset that onr instructions 
should bo followed implicitly in the first instance, and that no 
modifications of the prncos-* nbotit to bo dosoribod should bo at¬ 
tempted until the operator is well grounded in what wo may 

call the standard method of pro- _ 

duoing piotnres. Of this there I I A 

OK znony modifications; but these 
had better be left alone until com¬ 
plete success has been attained 
by means of tho processes and 
formulte which will hereafter b<< 
given, and which may be eon- 


B 


eiderod good and reliable in every 
particular. If this care be exor¬ 
cised, there need not bo any difficulty in producing exceller.v 
pioturoH; but at tho same time it must not bo supposed that the 
art consists merely of pouring over glass plates certain ohemioal 
solutions; much tact -and skill arc ncoossary when really good 
work is roqoirod, and in many oases those qualifications will be 
taxed to tho utmost extent. Above hll things the utmost clean¬ 
liness is absolutely necessary; not the mere outward cleanliness 
of every-day work, but ohemical purity of all tho materials em¬ 
ployed. For instance, a glcss plate may be apparently clean and 
bright, while it is in reality so dirty as to bo perfectly useless 
for photogrraphio purposes. Tho merest speck of dust, or slightest 
-trace of grease npon tho glass, will prodnoe spots and stains of 
such a character, as to render the photograph practically naele.s8. 
Again, in the cose of water employed in certain parts of the pro¬ 
cess, It is useless to direct the nse of that which is merely clean: 
it must bo pure, that is to say, it must be ohemioally oloan. li 
cannot be too distinotly understood that in tho vnrioua photo¬ 
graphic prooesees ohei^oal changes arc involved whioh are of 
the -most extreme delicacy, and that consequently -the utmost 
Wtt) is requiBite in order to exclude any extraneous BUbstancos 
- whieffi might interfere with the proper oombinaMons and reactions 
<ff l^e ohemioalB employed. With these few preliminary re¬ 
marks we may at once proceed to tho pracrticcl details of our 
aiffitjeot. , 

Ahhongh there are almosk numberless proocBsos and modi- 
flcatkuiB of processes known to photographers, there is one -which, 
for ell piaoiical purposes, is unrivall^ as w<»ll for simplicity and 
eertainty, m fdr and delioaoy of tho resulting pietares. 

This is teimod the “ ooUodi^prooess," and, is may be snrihised. 


the impression is produced upon a film of collodion, vriucih is 
supported by a pla-to of glass. This may be fiur^ oaUed the 
standard process of photograpbio art, and at least nine-tenths 
of the photographs produrad are made by means of it. Dis¬ 
covered and invented by Mr. F. Scott Archer in 1851, it still 
remains almost as its inventor left it in all imiwrtant partioulszs, 
the nearest approach to a iwrfeot photograpbio process to whioh 
wo have yet attained. 

The employment of a film of collodion to support certain salts 
of silver whioh are sensitiTe, and may be acted npon ^ light, 
may bo considered almost as the stwrting point of prootioal 
photography, as so ready and certain a method had never before 
been introduced. Chemimlly tho collodion film is inert, and 
plays no part in the actual production of a picture; it is merely 
the medium or vehicle which holds in solution the aoti-ve 
chemical ingredients required. Collodion is a solution in aloohed 
and other of a substance almost identical -with gun-ootton, and 
which is termed pyroxylinc; nimn tho evaporation of the solvents 
it loaves a thin transparent film of a tough character, closely 
resembling gold-beaters’ skin. To a solution of the plain collo¬ 
dion are ^dsd certain salts called iodisers, such as tho iodides 
of potassinin, cadmium, nr ammonium, and in the case of bromo- 
iodised collodion one or other of the bromides, after the addition 
of which the collodion is termed iodised. When a portion of 
thi-i compound is imored over and spread upon a plate of glats, 

a certain quantity of -the iodising 
salts are of course ro-tainad in the 
film, whioh is then totally insen¬ 
sitive to light. In order to render 
it capable of receiving an impres¬ 
sion in the camera, the iodised film 
must bo immersed in an aqueow 
Fig. 1. II solution of nitrate of sQver, whfoh 

combining with the iodides kzid 
bromides contoinod in the ffim, 
forms a layor of iodido or bromo-iodido of silver of the utmost 
delicacy and 8en8itivcnos.s to tho action of light. It is scarcely 
necessary to obsorvo that the sensitising and all subsequent 
processes up to the time of fixing the image, must bo per¬ 
formed in a room whioh is protooted from- the action of the 
hetinio rays, os wo shall presently explain. When the plate 
hoA thna boon prepared, it is ready for exposure to the action 
of light iir'the camera. 

Tho photograpbio camera is simply a box of wood or other 
opaque matAial, into one end of whioh is fitted a lens of a suit¬ 
able characters and capable of projecting upon the sensitiTO 
Borfaco an image of any object before wluoh it is placed. At 
the reverse end of the boE is fitted a soreen of ground-glass, 
whioh is used for tho purpose of adjusring both the position of 
the image upon -the plate, and the distance of the lens from the 
sensitiTe surface, in order that it may be rendered. porfeotly 
sharp and distinct. A case or box having a sliding door is also 
made to fit into tho same groove as the screon, and is intended 
to hold the sensitive plate daring the adjustment of the eamem. 
When this adjustment has been Boiado, the box or slide oontsdn- 
ing the plate is inserted in place of screen, and ijhe shutter 
having l^n drawn up, the exposure of the plate to light is con¬ 
tinued for tho requisite time; after whioh it ia-oremoved to fl»e 
operating-room for development. 

Upon iiiio removal of the plate from the oamera, no trace of 
a picture is visible $ but ite latent imago is rapidly developed 
upon the t^jplksaycA fo the sensitive mirfaoe w a soh(tii(^ ■tsi':'; 
su^hato cf iron mot pyrogdUioacid. The^^oti«B^<to- 
du^, howsTk^ poiisaaies this peculiarity, that all 
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purtg, anob as the slsy, arc in the negative dark ; while the darks 
are Ught or transparent: the whole of the gradations from extreme 
light to dai‘k are tlius roversod, the variorxs shades being per¬ 
fectly rendered by half lints. It is from this negative that 
copies with their lights and shades in their proper order arc 
produced by the printing processes hereafter to he doseribed. 
Bnt as the sensitive him has only boon darkened, and iK/t. 
actually removed by the action of light, it is necessary to reniovo 
the romuinmg sensitive salts from the picture before exposure 
to diffused light, in order to prevent a general darkening over 
the whole surface, which would, of course, uhliloratu all trace of 
a nioture. This operation is called the “ fixing process,’’ am! it is 
effootod by flooding the plate with a solution either of hyposul¬ 
phite of soda or of oyanide of potassium. Jiithor of these salts 
will quickly removo the unaltered portions of the sensitive sur¬ 
face, ond render the picture permanent and unaffeelod by the 
further action of light. Chemically the negative is now com¬ 
pleted ; hut ns the film forming the pieture is one of oxceoiUng 
dolioaoy, and is easily scratuhod or doslroycd, it is ueeessary to 
coat it with a suitable vamisii in order to protect it during the 
operation of printing. 

With this brief outline of the collodio?! prom'ss, wo may at 
once proceed to the practical d.'l.'i:I.s of wo; king. For conveiiicnia; 
of deseriptinn wo will suppose the photographer to eoinmonec 
his experiments nl home, or at sonic place where the two great 
reqniidtos, plenty of water and a eonvwnienl laboratory, a'-e I... 
bo obtained. The laboratory shnnlJ be a clean room fitted witli 
shelves, several tables—if possible, a sink with a good supply of 
water laid on over it—and not more tlian oii" window of moderate 
dimonsiuns. In order to render this room fit for photograjihic 
purposes, it will be necessary to exelndc all light except fliiil 
which passes through a yellow medinm, which must bo sul- 
fioiontly dense to oxclndo nil the aeiinic rays. A ready and 
cheap method of effecting ibis pnriinsc is ns follows:—Procure 
G. light frame of wood, of niieU dimensions ns may bo required 
to completely cover the window opening. Upon this should be 
stretched at least four thickncs.sos of common yellow e;ilico; the 
whole may then bo binged at the top or one of the sides of the 
window, as may bo moat iHinvoniont, taking the utmost care to 
exclude the smallest my of white light, which would inovilably 
spoil the sensitive plain. It is well to have this screen easily 
removable, in order that an abundance of light may be readily 
admitted into the room while anch portions of the procc.-s ns 
may bo performed in ordinary daylight, such as ewting the 
plate and fixing ofter dovolopmont, are in course of execution. 
The axTangomont shown in l'’ig. 1 will give sonin idea as to tl,..' 
proper fitting of the dovtiloping-room or laboratory. In this A 
represents the window, immediately underneath which shonldbe 
plawidthe sink a, or in default of this a table or shelf capable of 
supporting a suitable vessel for catching the waste dcvelopinc 
solutionB, and the water used for wishing the plates. If possible 
the water sbonld bo laid on over this sink j the space marked 
<' should bo occupied by a strong table, to bo use*! for tlio pur¬ 
pose of supporting the nitrate of silver bath required for the 
preparation of the sensitive plate. Over this a shelf or two should 
he erootod, upon wbiob tlio neno.saary chomicala may be kept so 
as to be within easy roach. Upon tiio opposite side of ^he sink, 
in the space marked pin the dimrrnm, should bo planed a similar 
table li> that before mentioned, wliieh should bo used oxclnsively 
for the fixing process. ’lids is important, ns the smallest tmeo 
of tlio fixing agent usually employed, the hypoBnl^Aiitc of soda, 
would, if introduced at any of the esxlier stages of tho work, 
prove fatal to any ho])C of success, if iihotngrnphic- operations 
are to be carried on through the winter season, it will hd neces¬ 
sary to have a stove in the room ; and as a mie those in which 
gas is burned sliould bo avoided, in consequence of the noxious 
fumes evolved. A close stove with an ordinary pipe chimney 
will answer every purpose, and is on the wliolo tho most suit 
able for the situation. A oheap ihermom-ter snsponded in the 
room will be found to be most uscfnl. as many failures may be 
traced to the feot of the temperature being too high or Iwv. 
it is hiud^ necessary to observe that the operating chambi r 
must be Iffipt absolntely clean, and free from dnst and dirt of 
every deecription. If the highest success bo desired, the be.st 
of good order must bo observed in all tlio arrangements of the 
labmtory, and a sufficient supply of .soap and towels should be so 
placed as to allow of tho hands of tho opoiutor l«ing rinsed and 
dried at the ooBelustob of each part of the prooess. AH bottles 


I containing chemicals and solutions should be kept strictly in 
' tlieir places, and so oonspiononsly labelled as to be readily 
‘ recognised even in tho dull light which will, of course, prevail. 

! Finally, upon no account must tho slightest disorder bo allowed 
i in any juirtioulur, or tho operator will speedily find himself in- 
, vulvod in troubles and difficulties of every description. 

The preparation of the dark chamber is a matter of the first 
! importance, and conseqnontiy wo have dosoribod it at eonsidor- 
alde length; while although it must bo done by each operator 
for himself, it (»nnot bo correctly classed with uctusl photo- 
I graphio operations. For this roason wc shall here oonclndo tho 
' present chapter, and in our next proceed to describe tho various 
I processes nooessary in order to produce photographic pictures, 
i as well as tho apparatus required for the same purpose. 


I i’.lOGKArHIOAL SKETCHES OF EMINENT 
i INVENTORS AND MANUFACTURERS. 

I XXII.-JOHN EENNIE, EEGINEEK. 

I BT JAMES GEAKT. 

JiiHN Rennie, who may justly bo considered as among tlio 
' first, if not the first, of that great scliool of practical ougiuoers 
which has been ostublished in Grout Britain, was tho son of a 
rcsjioctnblo Scottish farmer, and was born at the bniuestoad of 
Phantassifi, in the parish of Prestonkirk in Haddingluiishire, on 
the 7th of .lunc, 1701. In his fifth year he bad the luisfortune to 
I lose his father, hut his uducatinn was carriud on at tho poi-noliial 
. school by his mother and her family. Yonng Konuio’s puouliar 
' turn for meolmnios and invention seems to liavc been fosterod 
by liis vicinity to tho workshop of Andrew Aleiklc, an eminent 
; millwright, tho inveutor or improver of tho thrcshing-macliine, 
I who now Ucs in tho humble etinr(iliy.ird of Prestonkirk, whore 
i his grave is marked hy a handsome tombstone. In ids frequonl 
vi.sits to Moiklc’s cstablislimont, he was wont, boylikc, to be 
I i:; danlly occupied in using, and perhaps in abusing, the 
j tools tliat foil in his way; ” but us ho advanced in yiairs, he 
' liog.in to imitiitc at homo, in thi> farmhouse of Phantassic, the 
, mi'dels of maehitioTj’ ho had seen, and .at tho early a.gn of ion 
' b;iil eonstrnoted l.hoso of a wiiniiuill, a stoam-cnguio and ))ilo- 
eugino. in the la^t of which ho is said to Inive exhibited mueb 
jiraetical dexterity. 

In his twelfth year, ho was removed from tlio school of 
T’rostonkirk, in consoqiinnco of some misunderstanding with 
the master, whom he had alreaily bofpin to doom ineapaldo of 
] advancing him in his stndips, and ho entered tho empioymout of 
; Andrew Moiklo, with whom he eontiimod for two yoars; but 
I finding his education deficient, in \TI'> ho went to Unnlmr, 

; where he studied inathoinatlcs under Mr. Gibson; a1id two years 
I after, preferring meclianioal employment, ho rotnmed once more 
to the workshop of Moikle, On his tutor Gibson being appoiutod 
I rector of tho Perth aendomy, he recommonded young Bennie as 
j Ids suooessor at Dunbar, whore the future engineer taught the 
I school for some weeks, but merely to obligo his friend, as he 
I hail no irlea of t 0 .aching oven mathematics as a profession. 

' Again he rotnrnod to Andiw Meikle, and employed all his 
leisure hours in modelling and drawing machinory, and so 
I skilful did tho lad hoeomo, that ore he had quite reached the 
; age of oiglitoen, ho had oitictod at least three corn-mills in his 
native })arisli; but the first work he undertook on his own 
I account wn-s tho rebuilding of tbe flour-mills at Invorgowrie, in 
' Forfarshire. The energy with which he prosenutod his engiiioor- 
j ing labours in summer, afforded him sufficient funds to visit 
I Edinburgh in the winter, ond to attend thelectunis of Dr. Black 
I on practical chemistry, and those of Dr. Robison on natural 
I pldlosopby, thus fitting 'himself for tbe profession to wbiob he 
' .aspired, with honost and determined enthusiasm—that of civil 
I engineer. By I'rofessor Robison he was recommended to 
Messrs. Watt and Boulton at Soho, and on his way to that 
I place ho made a close and prootical inspection of the T.ian caster 
aqueduct, tho Liverpool Docks, and the Bridgewater Caiml; and 
; after rnmainmg some months at Soho, he travelled through the 
I Torkshire manufacturing districts, ^d finally settled in Ikmdon 
I in 3783. 

1 At this time there ooeurred that which may be deemed on 
I era in tlic history of tiio great manofaotnring establishments 
j of Britain—the erection of the Albion ficur-mUlB i& London. 
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'MesarD. Watt and Botdioii planned the Bohome, bnt the con- 
Btraotion of tho two groat ateam-ongines, and all the millwork 
andr niaohiriory oonnoctod therswith, wore confided to John 
}l<ninie; and Watt lias himaelf recorded, iu a note to Kokisnn’a 
“ Elemonta of ■’Mechanical Pluloaophy," tho valuable aKSiibtanot! 
which ho dativtid from hia young frieniTin those great works, 
which wore eventually and wilfully destroyed by firo in 1791, 
when an ignorant mob, beUering that monopoly was iujorious to 
public good, thought to reduce the price of flour by an act of 
inceudiarisra. 

“Tho Albion mills,"’ says James Watt,* “consisted of two 
engines, each of fifty horso-iiowcr, and twenty jiairs of mill- 
Htoiios, of which twelve or more.pairs, with tho mpiisito machi¬ 
nery for dressing tho flour and other purposes, wore generally 
kept at work. In place of wooden wheels, always subject to 
frequent devangemeut, wheels of cast iron with teeth truly formed 
and finished, and properly proportioned to tho svork, were hero 
employed, and other machinery which used to be made of wood, 
was made of cast iron in improved forms; and 1 believe tho 
work executed may be said to form the coiiiinenceitmnt of that 
system of millwork which has nrovod so useful to this country.” 

IMr. Samuel Wyatt designed and executed tho buildings ; but 
the superior nioehanism of tho Albifui Mills brought lionnio 
proniiucntly into tho notice of the public, that he soon obtained 
oxtoni-ive employment in tl;e eonstruetion of sugar-niills for 
the West India planters : anil as his eircumstauees were fast 
improving, in 178!) lie nianded. 

lie constnie.leil tho niaeldnoiy of tho powder-mill at Tun¬ 
bridge, of tho flax-iiiill at Wandsn'hrth, of tho rolling and tri- 
tnriiting mills of the Mint iu London ; of Mossrs. Wliitbrcad’s 
bronery. and many otlier breweries and distilleries ; and the 
year 17!) t saw him regarded as the head of the profession of 
civil engineers iu (Treat itrita.ii. and in eoiinee.tiou with every 
public! uork of importaucic in tho United Kingdom. In all the 
niiUworh erected by Itemdc, t'lerc was one romarkublo improve- 
incut that was strictly his own idea. ’■ It w-as formerly tisnal 
to place tho vertical axis r.f Mic running millstone in a bush, 
jilaeod ip the middle of tho horizontal Viridge-ticr, which wai. 
supported only at its two I’xtremitios. Tho ofl'ect of this was 
t'lit the bridgo-tiijrs yioUiod to tlie variations of pressure 
arising from the greater or less qiiantit.y of grain which was to 
1,0 admilte'd between tho millstones, which was conceived to be 
a useful efl'ect: bnt Keiinio made the briilgo-tier porfeetly im¬ 
movable, and thus freed the tnaehinery from that irrognlar iday 
which Sooner or later jiroves fatal to every kind of mechanism.'’ 

Kennio was eelobrntotl for iireidteetural ta.ste. a.s well n.s 
engineoritig skill. Tlio dea’gn of t''" iupn'duet bridge over tho 
Luno, at Lancaster, ha-! been m-orihed to him. Among li's 
works.wore tho stone bridge of Koh'o, which was eommeueed 
in 1803, lunl fiiiisheil in two yenrs, at tho cost of jCIS.OOO, and 
wdiinli is d!)!. feet long, with five elliptical arohe-s ; that of Leeds, 
to which ho .'•ddod mi .additiomil uroh, 100 feet in iqian above 
the Airo; a third at Alnssid burgh, built across tho Esk in 1807, 
superseding tho use of tho oM Roman bridge which still sur¬ 
vives; a fourth of granite and froestoue a,t Nowton-Stewart 
above the Oreo in Galloway, a handsome edifioo consisting of 
five arohos; a fifth at I’oston, consisting of one elegant arch, 
which CTOBses the Wit ham, superseding a very inconvenient mid 
plain one of wood ; and a sixth at 'Now Galloway across the river 
Kon, all of which snffioiently testify liis taste and skill in tho 
art of bridge-building. 

Ho was employed by tbe Indian Government to design a 
bridge of throe arches, consisting rcspeotivoly of seventy, 
cijfbty, and ninoty foot span, to cvosii tho Goomtee at Lucknow ; 
but aftfflr it had been cast, const ructed, mid sent out, tho Nabol 
of Glide, inspired by some whim or onprico, would not permit 
its erection. 

K^rtnie’s oolobrity as a bridge-builder must always be 
.attached chiefly to his Waterloo Bridge over the Thames, wliicli 
4 S certainly one of the finest monuments we possess of British 
'enterprise and architectural skill; yet ho was accustomed 
to boast that, although a humbler effort, “ ho oonsiderod tho 
bridge of Kelso as one of tho very best which ho over designed.’’ 
Tho former stupendous work, which was completed in 1817, 
baa not altered more than five inches from a straight line in any 
p.art of it. His design for a bridge where old London Bridge 
formerly stood was soleotel by the comraitfceo a- tlio best of 
thiriy plans submitted to them, and of which many were sent 
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I in by arehitouts of tho highest merit. This bridge, which was 
I completed by Sir John Rennie and his brother George from 
I their father's designs (for Ronnie himself did not live long 
I enough to see them executed), oonsists of five arches of Abor- 
; deen granite, the central one liaving a span of 150 foot. Ho was 
; also tho arohitect of the Southwark ircj bridge, which was 

■ opened for traffio in 1818. 

I Among those eanais which ho personally superintended, wo 
, may mention the L.T,ucaster canal, tho Aberdeen, which oan- 
j neots the Doe and Don, tho (jlrand Wostom, the Keiiuot and 
j Avon, tho Birmingbuin, ihc I'oi-tsmouth. tho Worcester, and 
' several others. Besides plans for the West India Docks at 
j London, he executed others for ilio construction cr improve- 
I mont of docks at Hull, Greenock. Jjeitli, Ijiverpool, and Dublin; 
together with harbours at EorwicI:, Duiileary, Holyhead, Howth, 
I Nowhavon, the Queen’s Ferry on'tho Forth, and some others, tho 
I mere enumeration of which woiiKl prove tedious. In addition 
I to those useful naval works, ho designed various important 
i improvements on tho Roya.l docl.yanla at Portsaiouth, Shocr- 
I nc.ss, Chatham, and PlymoutJi, and tho new naval arsenal at 
I Pembroke wajs consteucted from hi» plans ; but the gx-eutest of 
' all his works is unitnestionabiy tho Breakwater at I’.v month, a 
I description of which would far exceed the limit;' <’i' tliis brief 
j memoir. Suflico it to say. that it consists of three continuous 
1 parts, n centre of 1,000 yard'! ir. length, with two uiiigs of 350 
' yards each, diverging from the i entro at an angle of 20®. Tho 
1 low-water lino is, however, one mile in length. The top is 45 
I feet broad ; abeni .’>00 yard; of tho central division rests on tho 
.Shovel Rocks. The anchorage within has fine holding ground, 
and a depth at low-water spring-tides of fiom 5 to 7 fathoms. 
According to xlio original estimate of Rennie and Whidby, 

I 2,000,000 tons of stone were required to eoniplote the plan; 

; bnt by 1811 more than 3,500.000 tons had been dopUBited: the 
’ original ewtimated oo.st was 4;l,0l3,U00. 

lln mode a design for a new naval arsimal at Northfieel, on 
I the Tliaiiie.s ; bnt the sum of eight miliii.xis required for the 
I wox-k was considered by Gcveminoot as t.s) great to bo ex- 
jii'Tided upon it. In aiidition to lliis s'xmrwL.xt bia'c ennmera- 
• tion of Rennie’s useful and soiontifie labours, we. may add his 
' drainage of tlie tracts of marsh lauds on tho borders of tho 

■ ’J'rent, the Withom, and New A\ eUatid, and his plan for draining 
tbn Bedford Level, which was but partly earsjed into execution. 

i •• These various public eoneeriis (to quote Brewster’s Encyclo- 

■ picdia) are said Lj have cost httio le's than fifty millions 
' sterling, nearly twenty millions of which were ;x<ent under 
i his own suporintcndoiieo.” 

I Although Mr. Rennie was ef a robn-it and fine commanding 
figure, and of corresponding strengUi of constitution, yet during 
the latter years of his life ho was afflicted with inflamtiiatiou 
I of tho liver. On ^ing to France in 181(!. after AVaterloo 
' ojicncd up tho ConUncait to Ilritisli tonri-t-, he declarad it wan 
I tho first relaxation ho had taken for thirty years. The disease 
I under which be laboured began ere lung to assume a more 
I serious form, and ho died in his sixtieth year on the ICUi of 
i October, 1821. His remains lie in St. Paul’s, near thofO of Sir 

■ Cliristopber Wren, and under a plain granite slab. M.T.ny bio- 
! graphies Jiave appeared of him since then, and a eulogy, soon 
' after his dp^itb, wa.s written upon him by M. Churh>.s Dupin. 

An excellent -host of him was executed by Chautrey, and two 
able jiartraits.wcro painted by his countr.vman, Sir Henry 
Ra/'bnm, President of t.lio Scottish Academy. 

His plans for the imjirovoment of Shor.rncss. and the final 
oonstrnctioii of Now London Bridge, were ably carried out. as 
already stated, by his sons George and John, now Sir John 
' Itonnio, who was knighted on the cpeiiiug of the latter work hi 
18.31. and who k so well known in conuoetion with many rail¬ 
way operations, the drainage of the Ijineolnshire coast at I’lo 
AVash (where operations were onmmoiii'eil by bi.“ father), tin- 
construction of new docks at ’Whitehitvt'ii, the harbour at Bam!-- 
gate, and other similar works of equal niagiiitudc. 

In closing this sketch, it should not bi* forg.-tten that Georg“ 
Ronnie, brother of tho groat enginefr. w-is one of the iiu»-t 
eminent of Soottish agriculturists, tli*' elnef pali'on of I-Ieiklc, 
who iiivuiitcd tho drum threBhing-!i::i'‘liir.c, a i:^ful discovery 
claimed by more than one person, and whose rpimtation .a.i a 
. suciiessfnl and soiontifie farmer wa.s known oxer the ■whole of 
j Scotland, and formed an incentive to the most iritelllgtit agri- 
I oulturists in that kingdom. 





THE TECHNICAL EDTICATOB. 


OPTICAL INSTRUMENTS.—XIV. 

BT BAMCJEl. KiaBIiXT, T.O.B., BTC. 

ABTIFICIAL 80UBCE.S OF LIGHT (csntinuid). 

The lAine-Light.—ISoxt in importance to the electric Ktande 
-the “ limo-lifflit,’’ eo oallod beoanse it emonateH from a bali, 
oylinder, or tablet of lime, rendered incandescent by means of 
a jot of osygen blomi through the flame of a spirit-lamp, or 
a house gas-burner, or by on ignited mixture of oxygen and 
hydrogen gases. When the first method is employed, it may 
be distinguished os the oxy^spirit jet; and when the second is 
used it may bo called the oxy-houBe-gas jet; both of those, how- 
OTor, ore usually known os the “ oxy-caloiam light.” The third 
method is called the “ oxy-hydrogen light,” whether pure hydro¬ 
gen or carbaretted hydrogen (houso-gas) be employed. 

The lime-light has also been called after the names of per¬ 
sons ; thus wo havo the “ Drummond light," tlirough Lioutenuut 
Drummond having employed it in 1826* for signalling while 
oonduoting the Ordnance Survey of Ireland and Scotland. Wlton 
the two ga.sos are mixed in a bladder or other receptacle, 
it is called “ Gurney’s apparatus ; ” when the gases are con¬ 
densed in metal reservoirs, it has boon called “the Fitzmaorioe 
light.” Then we havo the 
‘*Bude light,” likewise invented 
by Gurney, where a Uttlo ball of 
lime is suspended over the flame 
of an argaiid burner by a plati¬ 
num wire, supportfed- and ren¬ 
dered iucandoseent by a jot of 
oxygen impingring on it, though 
this name is also given to a 
simpler arrangement, whoreii^ 
oxygen under low pressure is 
passed into the centre of on 
organd burner fed with highly 
oarbonised oil. Most snbstanoea 
fuse, melt, and are vaporised 
under the high temperature of 
theoxy-hydrogonblow-pipe; but 
lime is one of the few bodies 
that remains infusible under its 
action, when it bcoomos so in¬ 
tensely and Jumisoosly inoan- 
desoent, that the unprotected 
eye cannot bear to look on it 
for any length of time. As the 
ignited mixture of oxygen and 
hydrogen gives but a feeble bine 
light, and the true source of 
light is the lime itself, it is palpable that the most correct 
generic term tor all such arrangements must be the “lime¬ 
light,” and not “ oxy-onloium ” or “ Oxy-hydrogon ” light, as we 
frequently see it okllod. The lime-light is intensely brilliant, 
and so purely white in tint, that objects appear in their natural 
oolours, as when seen by day. It is free from all unploasjint or 
deleterious exhalations, and as no ohimney-glass is employed, 
its heat, like that of the eluctrio light, is diffused into the sur¬ 
rounding atmosphere, so that when confined in a lantern or 
other apporatns no inoonvenionoe is expericnohd from the 
fnmaM-light heat that organd bnmers give ris^ to. As tliis 
light is due to inoaudeseenoo and not to combustion, it may 
be confined in lur-tigbt gloss vessels for use iu mines or under 
water, and as it is not dependent npon a surrounding atmo¬ 
sphere for a mpply of oxygen, it oonaeqnontly presents hygienic 
advantages if employed iu the illnmination of Imildings, 
factories, art galleries, eto. The manipulation of the bght 
itself is simple and cleanly, the drawWnk, in this country, 
being the neoessity for preparing the gases, or at least the 
oxygen. In Psiis and America both oxygen and pure hydrogen 
are prepared on a large scale, and supplied to the public at a 
very cheap rate, while in New Tork oxygen can even be laid on 
to the houKes, where desired, in the eomo way i^t wo treat 
eaihuxotted hydrogen, not only for improving illnmination, but 
for eanitaty puTpoees, to neutralise the miasma of fevers, etc. In 
plaoes where the gases ore mode on a large scale, the cost of 

’ The IlBW-light Was employed as tsr back ss 1830. 


working lime-light apparatus would be insignificant; nor for the 
intensity ,of the light obtained, can this source of light be re¬ 
garded as expensive, even when the gases havo to be made at 
homo. I win' proceed to describe the component parts of 
the lime-light apparatus, which embraces the lime cylinder, 
hydrogen and oxygen* gases, their loooptaolos, the jet, and 
safety arrangements. 

Lime eyUnders ore of two qualities, “soft” and “hard.” 
The first is made of ordinary uuslaoked lime (chalk lime), and 
is best suited for oxy-caloinm jets, with which a lower pTOSBure 
of oxygen gas is employed; the second is mode from magnesian 
limestone, and is used with the mixed gas jet when high pres¬ 
sure is employed. Soft limes are tamed into cylinders of about 
^-indh diameter, and 1 inob in length. Hard limes are about 
1 inch in diameter and in length. Through the exact 
centre of each cylinder a hole is drilled, by which it is fitted 
to the limo-pin of the jot. It is very important that those 
oylindets should be tamed quite tme and of a given gauge, 
such as those given, as it saves a groat amount of adjustment 
when in use. Both soft and hard limes axo hygroscopic, or 
possess a strong affinity for damp, and therefore are very snbjeot 
to “ slaok,” that is, imbibe moisture, swell, and then break up 
into slacked lime. It is boat, therefore, to preserve lime cylinders 

in air-tight cases, all vacant 
spaces being filled up with dry 
washed sand. Even when packed 
in metal tubes, just a sbso larger 
than the diameter of the lime 
cylinders, closed witliscrow-oaps 
and metal “ w.ashors,” I liave 
known the limes to swell from 
previously imbibed moisture, 
and burst tlio tubes; and it is 
a very oomraon thing to find the 
onlinary tin nanisters in which 
a dozen cylinders uxc sent out 
from the shops, burst open at 
tlio soldered joints, if put aside 
for a timo without having taken 
the precaution to warm tlio limes 
and powder, and paste a strip of 
po.per ruund the edge of the lid. 
'J'he preservation of limes is an 
importunt question, especially 
when a largo stock has to be 
sent abroad, and the recipients 
would be placed kurs dc annhai 
for some months, should the 
cylinders “slack.” Thebestand 
simplest way to moot the danger 
is, I find, to warm freshly-tamed lime cylinders, and then, in a 
dry room, wrap each in a strip of waxed paper (made by melting 
a wax or par^ne candle over a sheet of thin foreign letter 
paper, and spreading it evenly over tlio surfaco with a flat iron), 
and turning in the ends so as to make an air-tight casing, then 
to wrap up half a dozen of these in a cylindrical roll of waxed 
brown paper, and pack them in flat tin oases, large enough to 
hold a gross or half a gross of cylinders thus preserved. A 
neat way to preserve small quantities, say a dozen, when freshly 
porchosod, is to suspend them by a thru^, and dip each into a 
solution of india-rubber in benzole; the spirit quickly evaporates, 
and loaves a thin covering of caontohouc, which effectually 
preserves each cylinder, if properly done. 

Stout brass tubas, with deep snreij^'Oaps and tin-foil washers, 
uig.ke the best and neatest lime-boxes. This tendency to slake 
has induced experimenters to seek other suitable substances. 
Magnesia mixed with plaster of Paris, worked with water 
into a smooth paste, and oast in wooden moulds, afld'timn 
baked, has been rooommonded; but even when these have bSsL 
hardened by bi-silioate of potash being added to the water, 1“ 
find such cylinders do not stand nnder the oxygen jet. Meer¬ 
schaum, a silicate of magnesia, answers totter, but the drawback 
is that it produoes a pinkish tint when rendered inoandosoent. 
Magnesia, rendered perfectly pnre,«and condensed into a small 
compass by means of the hydra^io press, has been used in 
Franco by M. Tessid du Motttsy, but speoimens I have tried 
“pit ” deeply and qniokly, on being snbjeoted to the ordinary 
pressnre employed irith B^ltsh jets. Probably, if the magnsria 
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wero coaiproBsod as thoroughly as oliemical oomuoiinds aro 
capablo of being oondciiBcd by Bre ukodon’s patent proopjn, this 
defect would bo sunuountod, but the apparatus required is of a 
uostly dosoription, and that in oxistenuo is now not in work. 

MonckhoTon has rocommonded oomproasod cubes of magnesia 
containing embedded titanato of magnesia, which I have tried, 
but cannot say I fool impres.sed with their groat anporiority, 
Monokhoven states that “ a comi)ound made up of 10 parts 
of pure oarboiuito of magnesia, 2 of 
ohorcoal, 1 of chloride of titanium 
slightly damped, worked in a mortar, 
and compressed into' pillars, gives a 
light almost twice as brilliant as the 
one above described, but costs ten 
times the amount.” M. Sorut has in¬ 
vented an artificial stone of groat hard¬ 
ness, which would prubalily answer 
admirably for lime cylinders. It is 
an insulablo compound of chlorido of 
magnesium and luagno.sia, formed by 
cominning caicinod magnesia willi a 
saturated solutiuii of chloride of mag¬ 
nesium, and allowing it to set in 
moulds. T>ii Motliay has lately intro¬ 
duced small discs of zirc<jiiia embedded 
in oj'b'iiders of clay or other i;iicap in¬ 
fusible supports. Oxide of zirennium is the most infusible, the 
most nnoltcruble, and the most luminous of all tho chemical 
substances at pro.sont known, when exposed to the action of 
tho «>xy-hydrogon jet; so it is in this direction wo must look, 
in the hope of surmonuting llio drawbacks oonneoted with the 
liygi'osuopio oliaraeter of lime. I may hen! state that, thongh 
such proparations might at their first purchase seom costly, 
they would iu tho long run prove the most economical,* and 
bo tho greatt-st boons and comforts the lecturer could secure. 
Dn Motbay thus doseribes bis method of preparing zireojiia:— 
“To obtain zireouia in a rcial state, I extract it fn»m its 

native ores by trausforiiiiiig by tlie action of ehlorino in tho 
presence of aoivl or elukreoul tho silicate of zirooninm into double 
chloride <>f zirconium and of siliciiim. Tho cliloride of silicium, 
whioh is more volatile than tho chloride of ziroanintn, is separated 
from tho lattim by tho action of beat j tho chlorido of zirconium 
remaining is afterwards con¬ 
verted to tho slate of oxide 
by ouy of tho methods now 
used iti oliomistry. Tho zi''- 
I'Oiiia thus oliiaini'd is fir^t 
taloliiod, then moislenoil, and 
submitted in UKuilds to tho 
action of a pro.sa witli or 
without tho intcTTontion of 
agghitinant substances, such 
SIS borax, bomeio sieid, orelsiy. 

Tlio sticks, cylinders, discs, 
or other forms thus agglo¬ 
merated, aro brought to a 
high tumporature, and thus 
receive a kind of tempering i-r 
preparing, tho offoct rf whidi 
is to increase their density 
and moloeular enmpac.tnes-'. 

1 cnii also comproB.s in moulds 
shaped fur the purpose a small 
quantity of ziretmium cajiable 
of forming a cylinder or niece 
of little thickness, whioh may 
bo united by oomprossion in the same mould to other refraotory 
earths, sneh os magnesia and clay.'” 

For tho porimses of photographio enlargements by moans of 
the oxy-hydrogon jot, Professor Corlevaris of Genoa employs 
little cnbes of retort oarbon (such as is used with the eleotrio 
light) saturated with chloride of magnesium; this produoes a 
very actinio light when subjgoted to tho oxy-hydrogon jet, but the 
chlorido is qnvukly doeomposed, and nothing remains but tho 


* ’When the mixed gases are used under great pressure, clocks, to 
keep the lime in constant motion, are a neeessity, but an ludestmctlble 
Ipylhlder would dispense with their use. 


ignited charcoal, so that this is not suited for a oontiunous 'ight, 
though suited fi.ri-hort exposures in pholograpMe eiilargo'.i.cut.j. 
iihould n'l exlnbii.or lie awkwardly fcitiiatod by tbidiug .bis 
of limes iiijnri-d by “ slacking,” ho may meet tlie dirriculty by 
getting a lump of qnick-limo, and sawing it into cubes, then use 
one face after tho other, sliding tho mass up instead of round; 
or cylinders may be made by shaping the lime into hexagonal 
pillars, and then rounding off tho edges with a rasp or coarse 
file. In cither case tho ucntral hole may 
bo made with “a rat-tailed file.” 

Oxysfn Oencratin'j Apiiaratvs .—Of 
tho various methods employed for ob- 
taining oxygen go-s, tho one most gom - 
.rally adopted is that of heating a mix¬ 
ture of clilorato of potash and oxido of 
mangancso. In this process the oxygen 
is derived from tho chlorate of potash, 
not from tho maugaiioso, which simply 
acta mechanically, not chemically, as 
sand, a non-oxygen producing body, may 
bo used in its place. PracticiJIy, ono 
pound of ohlorato of pula'!}! yields four 
cubic feet of oxygen, thoiigh'tlii! text¬ 
books would lead us to look for a yield 
of five euhio feet from that quantity. 
Wero wo to treat tho iwlasli salt pir 
»r, the oxygen would rush from tho retort with force: to subdiio 
this violent action, wo use the manganese, or any other suitable 
substance that will, as it were, mcchanicixlly dilute tho mass of 
the potash salt; cnn.secjuontly a fixed proportion between these 
two substances is not essential, and may be varied from equal 
parts to 1 part of manganese to •! of potash; though the pro- 
port ion that allows tho oxygen to como over neither too fast 
nor too slow, is 1 part of manganc.^-o to 3 of potash. If, there¬ 
fore, wo wish to produce six cubic feet of oxygen gas. we take a 
pouriil and a half ef chlorate of potash, and mix with it half 
a pound ef oxide of manganese. It is often directed to mso 
tho mang.ancso in fine powder; this 1 found to be a grave 
mistaJvu, as it tends to fioaton tho surface of the melted yHitash, 
and on the oxygen coming over, it curries the fine powder 
in a damp condition into tho delivering tubes, and blocks them. 
It is. therefore, better to nso tho mang.annso iu coarso grains. 

The uhlurate of jiotash should 
not ho powdered, but left 
in its crystalline state, tho 
larger crystals alone being 
broken, and then intimately 
mixed with tho giunnlar man¬ 
ganese. If the mnngauoso is 
washed from the potash after 
each oimraiion and then dried, 
it may bo used over and ov<!r 
apiiii, and apparently with 
advantage, as tho oxide in 
its brown state after ignition 
seems to answer better than 
tho orippnal native block per¬ 
oxide of manganese. Oaro 
must bo taken that the mix¬ 
ture never boeomes eontanii- 
I'.atod with organic matter in 
any shape, or it may lead to 
serious cxplc.sion-i. A few 
years buck a death was occa¬ 
sioned by the maiigajiese get¬ 
ting aocidentiiUy mixed with 
soot or some carbonaooouB matter, and anoilur explosion 
came to my knowledge (fortunately without serious result) 
through a small portion of india-rubber tube melting and run¬ 
ning into the retort. In the ordinary method of manipulating, 
the mixture is placed in a conical rotort (made of iron or 
copper), which is closed with a largo vulcanised rubber tube 
that Borvos as a safety-valve; from tliis passes a tube that is con¬ 
nected with tho dip-tube of a wash-bottle, as shown in Pig. 47. 

On heat being applied to tho retort, tho gas passes over into 
the water in tho wash-bottle, and is there freed from dusty parti¬ 
cles and other impurities; on rising from the water, it passes out 
from the short exit-pipo into a goa-bag or otlier receptacle. In 
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nnpractisod haudH, thiB arran^'cmcni leaves tl)o road open to 
oectain miabapa. 1 have, therefnro, ro-arrangod ttio oxygeu- 
gonerating apparatus in Midi a iniuinur as to provide ligainat 
every oontiisgoncy, a matter of importance when such appli¬ 
ances have to be provided for amateurs, who only use their 
apparatus a few times in the course of the year, and oonsc- 
qaently oannot be reckoned on as practised manipulators. 

My apparatus consists of a retort, a jacket-furnace, and a 
safety wasfa-bottlo, shown in b^ig. 48. The retort, «, may bo 
made of iron or copjior, conical in shape, with a flat bottom 
and wide neok, into which screws a brass oap fitted with a stout 
delivering-tube, and a safety-vaU'e, v, formed of a tube, closed 
with a good cork covered with tin-foil, which, in the event of 
the delivering tubes becoming choked, yields and gives vent to 
the gns. The furnace, f, may be arranged for gas or charcoal, 
the former being the nnwt convenient, as it allows of the 
amount of haat being increased or decreased at will, by the 
control of a stop-oock. It is made of sheet iron, and the upper 
part corresponds to the sliapo of the retort, which prevents a 
groat amount of heat being dissipated, and 8eoaro.s the njiper 
surface of the oxygon mixture being quickly melted ns well os 
the substratum immediately over the flame. This corrects the 
evil arising from the tondniKiy of the light partielos of the 
manganese to float on the surface of the molted potash, previously 
referred to, which was the cause of the delivory-ivipps becoming 
choked. After the mixture has bcouine thoroughly melted, it 
wot nnfrequontly happens that the oxygon comes over with a 
rnsli (espooially if only a small allowanee of manganese has been 
employed), instead of in a quiet, orderly manner, and then some¬ 
thing may give way—it may bo the safety-valve, or it may bo the 
india-rubber connecting tubes, or the retort itself might “ rip;” 
but by moans of the stop-cook, or by lifting the furnace off Jbo 
pan of charcoal, all viole.nt action may bo at once subdued ; and 
by the saino means provided in this arrangement, shonld the 
action become too torpid, it may bo stimulated to the desired 
rate of delivery. Another source of accident arose, if tiie 
operator did not disconnect his retort from the wash-bottlo as 
soon ns all the oxygim was given off from the mixture; for 
nature, abhon-ing'n vaennra, sucked up tho water from tho wash- 
bottlo, and on its coming into contact with tho red-hot rosiduo, 
became couvortod into stoaui. uud an explosion terminated the 
operation. This arose from tlio delivery-pitie of tho retort 
passing directly into the water of the wash-bottlo, as shown in 
Fig. 49. 

To provide against this accident, I divide my wash-bottle into' 
two com)iartraonts, and oiTangc tho tabes so that the one oon- 
nnoted with tho retort does not come in direct communication 
with the water, as shown in Fig. 48. A shield, at the exit-pipe 
of the wash-bottle prevents the spray being blown over into the 
gas-bag placed to receive tho gas. This bottle is filled with 
water tiU it is two-thirds full. At this height a vont-holu, 
plugged with a cork, is placed, to allow of the bottle being emptied 
uud cleaned out. The dolivcriiig-tabe.s should be about i-inoh in 
the bore, and the connections should bo made with red-rubber 
tube, which stands tho best, and is free from the unpleasant 
smell common to ordinary vulcanised india-mbber tnbing. 
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aOTIirC STONEWOSK. • 

GSNBBAL DIVISIONS OF KOCLBSIASTIOAI, BmaDIVaS. 

In order that tho position of the details forming tho subjects 
of tho following les.snus may bo clearly understood, it is necos- 
saiy to explain some of tho terms which aro employed in relation 
to the ohnrohes or other buildings which exemplify them. 

Most of the eoolesiastical struotaros of the Middle Ages wore 
built in the form of a cross, with a tower or spire orootod at the 
intersection. The interior was usually divided thus:— 

The Nave ,—The space westward of the central tower—the 
body of the ohuroh—^reaching from the choir to the principri 
dooR This name is applied equally to the body of tho chnroh, 
vsbother the plan is that of a cross or not, and whether with or 
withoqt aaslos.' 

The Aielee (from the IProneh nth, “a wing”). —nie spaces 
outside the piers of the nave, choir, or transepts, and forming a 
imsasige' or ^ley on each side of the nave extending to tho outer 
wadi htdlduv- 


Choir. —Tho space eastward of tho central tower—^the oon- 
tinnation, as it were, of the nave on tho opposite side of the hs<8e 
of tho tower. In the early Christian churohos it was simply part 
of the nave enclosed by a low wall, and forming a place in which 
the singers who chanted tho services sat; hence the name (Latin, 
clwus} Italian, coro; Frenoh, ehceiir; Gorman, chor; Old Eng¬ 
lish, quire). 

TraMaejit. —That portion of a church which passes across tho 
nave and ohoir, and thus forms tho two arms of tho cross in tho 
plan, the central tower standing on the intersootiou. Commonly 
eaoh arm is spoken of as a separate (as north and south) transept, 
although, strictly speaking, tho transept-is one. Transepts, in 
most instauoes, mateh each other exactly, or are in pairs. At 
Exeter are two noble Norman towers, which are supposed to have 
been the western towers that flanked tho original Norman front. 
At Chester one transept is of Norman wor^ while the other is 
of the Decorated period, and is much elongated. It is supposed 
to havo been built as a separate church, and it is thus nsed at the 
present time. 

The ohoir is generally enclosed by a screen, on tho western 
part of which is nsnolly placed tho orphan ; which is now, how¬ 
ever, often placed on one side of the church. 

The choir in cathedrals does not generally extend to tho eastern 
part of file bnildiug, but there is a siiace behind tho altar oallod 
I tho Lady Chapel. (Tho Lady Chapel is not always at tho east 
end of the choir. At Durham it is at tho west end of tho nave, 

' and at Ely at tho north side.) 

I The choir is only between the piers, and does not include the 
‘ side aisles, wliich serve as passages to the Lady ChqpcI, altar, etc. 

1 Chancel. —A part separated from the rest of the ehnrch by a 
j seroen (rancMus). Tho term is now used to signify tho choir of 
I a small cimreh. 

j T.'ie Apse. ~ The somi-elrcnlar or polygonal termination to a 
! church, 'i'hoso forms were, no doubt, tlrrivcd from tho concha 
] or hema in the classic and early Cliristian ba.si1ica. 

; Porciu s aro covered erections, forming a shelter to the doors, 
which havo sometimes vestries, schools, etc., over thorn. 

Chapels arc attac-hed to all jiarts, and ai'e frequently additions. 

The Chnitfer Hovsr is tho ehanibcr in whioli ilio chapter, or 
heads of the moniistio liodios, assembled (as the Dean and 
Chapter now do),to transact bindncas. They aro of v.irious 
I foiTOs; some ore oblong apartments, os Ciuitei’bury, Exeter, 

, Chester, Glonoostor, etc.; some octagonal, as Salisbiiry, Wost- 
' minster. Wells, York, etc. That at Linooln has ten sidus ; that 
I at Worcester is circnlor. 

I Gtotstcr.—-An enolosed quadrangle, with a walk or ambulatory 

I round it, sheltered by a roof generally groined, and by trauoried 
: windows, which wore more or less glariid. Cloisters were nsed 
for exercise in bad weatlior, and for reading and inoclitation in 
i tbo shade, when the season was hot. They also formed a 
; covered commimication between different parts of the monastery. 
Tlie nsnal place for the oloister is the south side of the nave. 

, At Canterbury, Gloncester, and Chester, however, they are on 
the north. 

Any bnilding above the roof may be colled a steeple. If it 
be sqnaio-toppod, it is oaltcd a fewer. 

The tower may be round, Square, or mnltangular. It is often 
crowned with a spire, and sometimes with a short tower of light 
work, called a lantern. An opening into the tower in ihe 
interior above 'the roof is also called a lantern. When a tower 
is of groat height, in proportion to its diameter, it is oaUed 
a turret. These often contain stairoasos, and are frequently 
orowned with small spires. 

Clearstory, or Clerestory, —When the middle of the nave of a 
chflroh rises above tho aisles, and is pieroed with windows, the 
upper storey is thus called. Sometimes these windows are 
very small, being merely quatrefoila or spherical triangles. In 
large buildings they are important objects, both for beauty and 
ntUiiy. The windows of the clerestories of Norman work, even 
in largo ehnrohea, are of less importance than in the later styles. 
Li Early English they become larger, and in tho Decorated are 
more important still, being lengthened as the triforium di¬ 
minishes. In Perpendicular work the latter often dieappeara 
altogether, and in many later oh^hes, as at Taunton, the 
derestories ore close ranges of windows. 

Trifinitun .—Tho arcaded storey between the lower range of 
piers and arches and tte olcrestory. At Durham Md West¬ 
minster,it is called the “ nnnuety,” and the tradition is that 4h^ 
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nuns Rat there daring the Betrioos, hidden by curtainR, which ie 
not at all improbable, since this is even now the ease in some 
ohorohoR at Borne. 

Preahytery .—That part in the chanool of the oharch set apart 
for the oiftoiating priests. 

Crypt (sometimos called the “ Undercroft ”).—The vanlted 
apartment beneath a church, either entirely or partly under 
ground. Crypts owe their origin to the oircumstanoc of the 
early Christians being eompellcd, for the sake of secrecy and 
oonceolmout, to perform their sacred services in eaves and sub- 
terranoan places, sumo of which are still pointed out at Borne. 
Crypts ore not nnfrequent, especially under largo churches. 
ITioy seldom, however, extend the whole length of the church, 
being usually confined to the choir or chancel, and sometimes 
not extending so far os this. They are usually low and massive, 
of an earlier and plainer stylo than the superstructure. 

Crypts were formerly used fur service, and accordingly are 


occasionally covered with on arcade, and sometimes surmounted 
with a window to give light to the porch. In ancient times 
several religions eeremonios took place in the porch, especially 
those pruliminnry to baptism and matrimony. Having passed 
undor the inner arch of the poixih, we arc now fairly in the 
church, and the first object to attract our attention istho/oni, 
which is placed near the principal entrance. The exact loi^ity 
is not fixed, being sometimes in the central avenue of the nave, 
opposite the entrance, and at others under one of the arches 
of the aisle, near the porch, in which case it frequently adjoins 
one of the adjacent pillars. It is not unfreqnently raised on a 
series of steps, which give it a more imposing appearance, and 
.has always a space loft around it for the accommodation of tho 
liriest, sponsors, etc.; for the former there is sometimes a 
kneeling-stone on the west side. Fonts in a perfect state aro 
provided with covers, generally of wood, some flat and others 
of a [lyramidal form, more or le.s.s onrioUed. Wc hero speak of 



provided with altars and other fumitnre requisite for tho purpose. 
Tho most extensive building of this kind is that under Canter¬ 
bury Cathedral, a portion of which is said to have been built 
by Lonfranc, in tho time of William tho Conqueror, The south¬ 
west comer of the crypt is called the French Church, which is 
•still used for Divine service. 

The following sketch of the internal arrangement of a church 
is quoted from Mr. Peter Nicholson:— 

“ On entering the ohnroh through the wicket at the entrance 
of the porch, wo somotimos notice on the right-hand side of %he 
'door, often projecting from the wall, and partly covered by a 
niche, a stone basin, which is called a siouo or cupergoriwm, 
from its use, which was to contain the holy water with which, 
in olden times, the worshippers sprinkled or crossed themselves 
before entering into the b(^y of the ohnroh. This was a very 
ancient practice, and was adopted in a sc-mowhat different 
shape by the early Church; the small stoup, in fact, is a sub- 
stitute for the fountain to be seen in front of tho Constantinian 
ohurohoR, at which Christi&nn wore accustomed to wash before 
•entering the sanctuary. The custom is typicai of tho purity of 
mind which should accompany our devotions. 

“ Before proceeding farther, wo may notice tho stone seat 
<it, bench-table, which runs along tho sides of the porch, and is 


fonts as they were in former times, not as they aro now found 
in old ehurchos; for tho original ones aro somotimos not only 
moved from their ancient positions, but even taken out of tho 
churoh, anA altogether discarded. On proceeding further into the 
church, tho .next object which probably strikes our eye is tho 
e/iaiicel, and at its extremity tho altar, with its appendages; but 
as this has been described in its proper place, wo shall not stop 
to reconsider it here ; and besides this, in fixing our attention 
on the more striking portion of tho edifice, wo have overlooked 
the i>ulpit. Few pulpits are to bo met with of an earlier date 
than tho fifteenth century j the oldest that remain are of stone, 
built up witli tho tabrio, from which circumstance wo raoy iiffcr 
that they aro coeval with the entire stmoturo. There is a 
beautiful specimen at Beaulieu, Hants, which is attached to tho 
wall, and entered by a staircase partly out out of its thickness ; 
another specimen is to bo found in tho Cliuroh of the Holy 
Trinitv, Coventry, which is attached to one of tho piers of tho 
building. The later pulpits are of oak, usually of an octagonal 
form, having tho sides panelled and enriehod with carving, ana 
tho whole somotimos surmounted with a richly-groined canopy 
projecting over the head of the preacher. The position of tho 
pulpit was probably always at tho north-east or south-oast end of 
tho nave, near tho arch wliioh sopamtes tho nave and ohanoel,” 
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SILK CTJLTUllE.—L 

By Aikxakiiku AVallaoi;, M.D, 

VABIOtlP WOEMH VROlWCINO SILK—OOSDTTIONM 1»ECEK5AUY 

FOtt SUCCESS IN SILK CULTUKE-LIVE OV THE INSECT: 

THE ECO STACK. 

Silk, (fCBcrally, is a inalcriiil obtained from a sort of pod or purse, 
that rotuatkablc envelope which many kinds of caterpillars wake 
(especially in the family of the Bombycea), of more or loss Tolue 
and quantity, and which they weave around themsolvoB pre¬ 
paratory to the change from tho caterpillar into the chrysalis 
state. This pod w'hon of a superior kind, and espeoially such 
as is obtained from domo^-ticatcd worms, is distinctively termed 
a oooot n, and silk culturo consists in the cultivation of tiiuso 
races wliicli sjiin cocoons possessing a commercial value. 

Tlio following niece of 
Bombycos produce co* 
noona which are more or 
less used in the produc¬ 
tion of silk-fibre: — 

1. The liumhix niori, 
or TOulborry-worm --tho 
only domosticatud spo- 
cios; tho silkworm of 
commerce, from which 
the great bulk of silk is 
ubtained. 

2. Tho Jiombijx Yama~ 

Mai, or ,Tupunoso oak- 
fomliug silkworm, pro¬ 
ducing a greenish cocoon, 
from which a good thread 
may bo -Teolod, highly 
valued by tho Japanese 
for certain purposes— 
especially for embroidery, 
in which they .are greatly 
skillod. 

3. The Homhyx Pernyi 
of North China, an oak- 
feeder, producing a largo 
greyish-brown cocoon, 
which has boon reeled in 
China, but not yet iu 
Europe. 

4. Tho liomlajss Cyn¬ 
thia, feuding on the 
AUantlins glaiidulosa, 
from China and Northern 
Asia; this also produces 
a long greyish cocoon, 
not reeled in Europe, bnt 
iindoobtodly reeled in 
Cluno,whence is obtained 
a peculiar silk, easily re¬ 
cognised by its cstromo 
softness. Bilk in piece 
goods made from those 
cocoons and from those of 
Jiomhyx Teniyi, is plen¬ 
tiful and cheap in the Chinese markets of tho interior, and there¬ 
fore may some day bo fabricated in Eumpo. 

5. Tho Tussur Moth (Anthercea Papltia) of India makes a 
largo, very hard, dirty greyish cocoon; this is reeled by the na¬ 
tives to form tlio Tussur silk, well known in tho Indian markets. 

6. Allied to Bombysc Cynthia is the Botniiys rieini from Bengal, 
feeding cm the castor-oil plant (Bicinua communis), producing a 
oococm smaller, bnt very similar to that of JBomhyji Oyntiua. 

7. Coeoons cf other Bombyces, such sls Polyphemus, an oak- 
feedei-; Cecropia, a plum-fcoder—both from North Amorica; 
Mtaperua from Cayenme, feeding on the Cafe duJJiablc; FaiJ- 
Jierbia Baubin-iea, feeding on tho Cytiaus cajauva; Bomhyx 
fauvelyi, from ITragnay, feeding ,on a species of M%mosa; Paehy- 
puaa qffusa, also a ifimosa-feoder, from tho Cape; Altacns Allas, 
North Indii^ feeding'on the BerheriaAsiatica; Antherwa BoyM, 
feeding on the, evergreen oak of tho Himalayas, etc. otc., have 
all been more or lesa the subject of experiment, bnt as yet none 
have been found sufficientlyeagy to reel; though doubtless most 


of those cocoons, if obtainable in‘largo quantities at little cost, 
would be worth carding, and produce a useful, though perhaps 
not a very ornamental fabric. 

The culture of tlio Bombyx mori is of very ancient origin. 
It is said that an empress of China, 3,000 years before the 
Christian era, was the first to unravel with delicate fingers the 
lilmy thread from tho cocoon, and dexterously to weave it 
into a beautiful wob of doth.. Tho art was for a long while con¬ 
fined to tho Ea^t, but about SoO a.d. two monks, having pro¬ 
cured in India the precious eggs, concealed them in a hoUow 
COSO, and hastened to Constantinople. Thence silk or seri- 
cnltmre spread in all directions, and is now a most important and 
staple industry in Central and Southern Europe, extending to 
a slight extent into Gei'many, Sweden, and even into Oieat 
Britain, whore endeavours have from time to time been made 

with some success to cul¬ 
tivate the worm, 

Turkey, Egypt, Asia 
Minor, Persia, India, 
China, and Japan trans¬ 
mit large supplies of co¬ 
coons and of raw or reeled 
».ilk. Anstralia, tho Capo 
of Good Hope, Now Zea¬ 
land, tho Sandwich 
Islands, West Indies, and 
other of our colonies are 
waking np to a sense of 
tho capabilities they pos¬ 
sess of taming this very 
Inorativo industry to ad¬ 
vantage ; while Califor¬ 
nia, Uussia, Chili, Turkes¬ 
tan, and other countries 
are commencing to draw 
largo profits from sori- 
cnlture. Thu conditions 
necessary for success iu 
silk culturo arc — 

1. To have a healthy, 
vigorous plantation of 
mulberry-trees. These 
generally thrive beet on 
billy sites, where tho soil 
is light and gi-avolly; but 
they will grow almost 
anywhere, and in China 
have been seen planted 
like onr willow pollards 
by tho sulos of streams. 
Several kinds of mul¬ 
berry are need in silk 
oulturo. Tho Morua ni¬ 
gra, or common black, 
grows most luxuriantly 
at tho Caiio, bnt else¬ 
where it is generally re¬ 
jected because of its slow 
growth; it does, how¬ 
ever, very well tor tho 
early worms. The M. alba, or white mulberry, is the variety 
generally used in Europe j the rose-leaved variety being pre¬ 
ferred in Italy, on account of its large, stout leaf. M. Alpina is 
suitable in some loealitios, as being a very hardy variety. A 
Isftge-leaved kind, Jlf. Japoniea, recently introdnoed from Japan, 
is also mnch esteemed. M. MoretU, another Italian variety 
of high repute, and M. mulHcaulia from the Philippine Islands, 
possessing a thin, oonoavo, but very largo leaf, are also mnch 
grown, ^e latter being a very early kind, is used mainly for 
the young worms; its 1^ is unfit for the elder worms, being 
thin and watery. 

After a plantation is made, itshonld bo loft three years before 
any loaf is taken for feeding purposes, so as to give the trees 
time to get well established. 

2. The next point of importance is the arrangement of the 
buildings or magnaneriea in which the worms arc “eduoated.*’" 
These should be moderately lighted, and very well ventilated 
both by night and day. An even temperature, and a constant 



fig. 1.-— CATEBPILLAB, ^OCOON, CHKTSAL18 MOTH, AND POOD OF 
BOMBTX UOBI. 
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(nrront of pure air passing through without draughts, are of the 
Qtuujst importance to tho worms. The thermometer and hygro¬ 
meter must be constantly watchod, with a view to tho main- 
tonanoo of tho proper temperature and dryness. Vermin, espe¬ 
cially mice, must bo exoludcd. In this country it will be well 
for the roof to face north and south, and for windows to look 
oast and west, so as to obtain the greatest amount of snimhiiio. 
Tho interior should be so arranged that easy micoss may bo had 
to tho shelves on which the Worms are placed to food. DandoJo, 
tho best authority, in his book, gives as tho dimensions of a 
small laboratory, 40 feet by 18 feet by 12 feet high. I'his would 
contain a double tier of troys in the centre of tho room, 
and w single tier ■ round the sides; but as it is preferable 
to have a passage all round tho trays for tho sake of eon- 
venienco, as well as for ventilation, it would be wiser to add 4 
feet to tho width, and also to tho length, making it 46 foot by 
22 foot, so as to hold two double rows of trays; or by adding 


! Prootically, six tiers vertically placed will bo found as much os 
can bo managed couvouiontly. Tho trays should all bo of Oio 
same sisso, ami tho tiers should be level throughout the room. 
A table tho same ei*o or a little larger than the trays should 
i stand in a convenient well-lighted spot in tho centre of tho 
I room, whore tho trays of worms may be placed and carefully 
examined when necessary. 

3. Tho third point of importance is the purity and sanity of 
i the eggs to bo operated upon. It is well known that a peunlioa' 
' disease, “lapobrino,” not yet thoroughly understood, has dovas- 
i tated many of the silk-growing districts, especially in Europe. It 
) is therefore necessary to procure eggs or grain from countries 
as yet unaffected by tho disease. With this view, large imports 
of eggs have come from Japan, China, and other parts, and the 
price of good grain has risen from Ss. to 25s. per ounce. In 
1869 the total value of eggs imported into France alone for 
home use was as follows i —From Japan, 9,436,000 francs; Egypt,. 



Fig. 2.— OATHBFILLAB, COCOON, MOTH, AND FOOD OF BOMBTX CYNTHIA. 


another 6 feet in width and 2 in length, making the magnawsrie 
44 by 30 feet, ample room may bo obtained for throe double 
rows of trays with a passage on either aide of them. 

Tho unit, as it were, of meosnromont is the size of a sheet of 
stmit donhlo-glazed brown paper, viz., 45 X 29' inbhea, which is 
laid for the floor of each tray of worms. Tho inner measure¬ 
ment of each tray will be the same. Strong twine netting, <• 
about 1 to inch mesh, is tightly strained across and fastened 
to the sides of each tray. It is a good plan to lace the nets tight 
with twine or strong thread to-Wnding, fastened to the wood 
by moans of tacks. A twine floor is far preferable to tho boarded 
floors, which are much used in Franco, on account of its supe¬ 
rior ventilation, prcTonting mould, which is very injurious to the 
worms. The trays may be about 16 to 18 inobes aiinrt vertioaily, 
the lowest about 6 inches from the ground, ascending as high as 
oonvenient, even to the top* of the room, though in that ease 
spedal means of ventilating tho upper stratum of air must be 
devised, and a convenient ladder on castors be provided for 
moving round the room without noise, high enough to enable 
l^ose in charge to attend to the worms on the higher tiers. 


1,232,000 francs! China, 560,000 francs. The total value of 
exports of eggs of French produce was 3,378,700 francs, being 
chiefly to Italy, tho proportion of eggs required by Italy to those 
required by iWneo being about 5 to 2. This shows tho great 
demand for healthy seed from now countries. For the purpose of 
rearing sound grain, England is considered by French »« fans to 
be remarkably adapted by reason of its temperate climate. The 
Cape, California. New Zealand, and Auetrolia aro also espewi- 
ally favoured districts. In fact, the disease is eliminated and 
quite disappears under proper treatment in tho latter country. 
Mr. Charles Brady, of Sydney, N.8.W., uTites : “ The mulberry 
of all varieties tMveB hero remarkabv ’’veil: and I have every 
reason to believe that its silkworm may, oven if severely 
diseased on introduction, somo become quite sound by proper 
treatment under our invigorating atmosplmre. My experiments 
have been uniformly suocossful, inrcganl to eliminating disease.” 
I have myself moeivod from Mr. Brady eggs of a celebrated 
European race (Milanoise), now very subject in Europe to 
disease, which have been pronounced, after microsoopio ex¬ 
amination by skillod experts, to be perfectly free from all sign 
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of diseoim. It ia specially douiTablo to renovate the old races 
of the Bomhye mori —which have been ennobled in former geno- 
xationB for the quality of their produce, but ^thicU are now 
nearly exterminated from the proviilenoo of the disease—by im¬ 
porting thoh: grain into new localities where disease is unknown. 
Settlers in Australia, Kow Zealand, and similar localities should 
especially consider what groat pecuniary adrantago.s arc offered 
to them from this branch of sericulture. Another point of 
groat importonoe, in reference to our Australian eolonies, is 
mentioned by Mr. Brady. “ I have had silkworms in all stoges 
of their dorebpment, from the egg to the imago, every day in 
the ymr, and I am able to feed up several genorations in the 
year, and rear a brood at will at any season. Hence we have 
a remarkable advautogo in our olimato, in being able to produce 
many crops a year, or, as it may be otherwise expressed, to 
spread the season over a largo portion of the year, thereby 
gaining manifold wliat could otherwise bo obtained.*' In Europe 
the annual worm having one brood only per annum produces 
the most valuable cocoon. Tho “bivoltine,” or worm having 
two generations per annum, is also cultivated, but its prodnoe 
is ixfferior. In hot countries, as India, silkworms having three 
or more generations in the year (such as Jiomhyx fiiwnisis, a 
monthly worm) are cultivated; the cocoon in these races, being 
always smaller, is defloient in quantity, and gonornlly in quality 
of produce. The annual worm is thereforo the most esteemed, 
and these race.s, according to Mr. Brady, may in Australia be 
made to produce three crops of sillc per annum without deterio¬ 
ration of the cocoon. This gives a decided advantage to culti¬ 
vators in that country. 

Tho value of tho different races of tho Bombyx nwri, admit¬ 
ting their sanity to bo equal, depends on their x^roduce, the 
cocoon— i.e., on the amount of silk which can bo reeled from a 
given number of eoconns, which should all possess more or less 
the typical points of the raoo : viz., the Novi, an Italian race, 
of which the Morioand is one of tho best examples, sjuns a 
large, white, oval oocoon; tho Milanaiso, anotlier very valuable 
race, spins a largo cocoon, smallor than tho Moricand, more 
elongated, of a buff colour; and so on. Japanese raoes arc , 
of diffei-ont colours—white, buff, green, ete.—but all po.sse.ss j 
a peculiar property of being nipped-in in tho centre, us if 
the ooooon liad boon simn in two halves and joined in the 
centre. 

Cocoons which feel hard and' firm to the touch possess more 
silk, and arc preferred as having a greater value ; thin and soft 
ooooons are rejected as inferior. 

These three main points being soourod—^viz., a good supply 
of mulberry-leaves, a suitable tnn/inanerie, and eggs of a hoaltfay 
race of approved value—let us follow the life of the insect, 
beginning from the egg stage, to the oocoon ; and examining 
the manipulation and treatment employed by ed-ucatewrs in the 
different stages. ' 

1. TJie Egg Sftige .—The old proverb must bo borne in mind : 
A good beginning makes a good ending. If deterioration takes 
place in tho egg stage, vigorous healthy worms cannot be ex¬ 
pected ; therefore care must be taken oven of the eggs. These 
are deposited by tho moths on paper, cloth, or other suitable 
material. They should be kept in a oool airy root% free from 
damp, and once a month at least bo thoroughly vontUated. The 
Japanese wrap the cards on which their eggs are laid in i)aper 
bags, and hong them to the roof of their dwellings, which, being 
made of bamboo, are very freely ventilateA During the egg 
stage alone, races may be transferred safely from one country 
to another, and the trade in silkworms’ eggs has assumed large 
proportionB. In 1869 two millions of cards, costing on an average 
Ifia. 6d. each, wore sent to Europe from Japan. Special steamers 
are chartered to bring home this valuable cargo as speedily os 
poMible; and during tho voyage, in suitable weatlier, the boxes 
are opened and the contents ventilated. In each box, which is 
three feet long, and on which a freight of ^.8 is paid, are packed 
200 cards in separate grooves, so as to allow of ventilation 
between each raird, and to avoid friction. Each card ouniains 
about five-sixths of an oonco of eggs, and costs from three to 
four dollars in Japan. It is a matter of tho greatest importance 
to export eggs as soon as possible after &cy have been laid, 
«kd before they have been exposed to any chill from cold 
weatiter, especially if they have to travel long distances. 
Expoenre to oold is neoessoiy to set in action vit^ changes in 
the egg, which once begun cannot be stopped without dote- 


riotaiion; and a subsequent change to a warmer olimate will 
then hatch out tho egg prematuroly. This I have prov^ for 
several years to be the case with the eggs of Bimhyx mori 
and Bombyx Yama-Mai, and also with tho ooooons of Bomhyx 
Pernyi, Cecropia, and other races.. The only safe rule is to 
forward eggs or cocoons in the antnmn, as qnickly as poasiblo; 
ice in any form is dangerous, and should novor be employed. 


BUILDERS’ QUANTITIES AND MEASURE¬ 
MENTS.—II. 

BY K. WYNDHAM TARN, Mt.A. 

BBICKLAYINa. 

■Whkn the foundation of a bnilding is formed of concrete, as 
described in the second lesson on “ Building Constrnetiou,” the 
length, width, and thickness of tho concrete are entered under 
each otlier in the dimension book, and then cubed, being 
redaoed to cubio yards in the abstract. If, hewevor, the quan¬ 
tity is small, or the thickness loss than twelve iuchos, enter the 
length and width only under each other in tho book, and describe 
tho thickness; it will then bo brought into superficial ytu'da in 
abstracting. State likewise tho composition of tho concrete, 
whether made with lime or ooment, and in what prox>urtions to 
tho ballast and sand. 

'When concrete is employed as tlio m.i.torial for bnilding walls 
less than twelve inches thick, enter tho height bj tho width, 
deducting oimnings, and bring it into suporfioial yards in 
abstracting, describing the thickness and mode of oonstmetion ; 
if tho walls are twelve inches and upwards in tliiokiicss, the 
cubical contents can bo taken as before described. 

Brick walls are usually measured by tho foot superficial, tho 
length and height being entered under one another in the diuioii- 
sion book, describing the number of bricks of 9 inches long which 
tho wall has in its thickness—as half-brick, one brick, one and a- 
Vialf brick, two bricks, .and so forth. First ontor tho length of 
each course of footing.s separately, by tho height of throe iiiohos, 
J if there is a footing or set-off at each course, as in Fig. 1; or 
j liy a height of six inches, if there are two coursos of brinks to 
I any set-off, xs shown by Fig. 2, and describo the number of 



bricks in the thickness of tho wall. Then enter tho length of 
the walla by the height, as if solid, taking those of the same 
thiokuesB together, and stating the thiokuosa in bricks. 
'Where several items of the same kind or thioknoss follow 
each other in the diinousion book, write tho word “ add ” 
against them, to save the trouble of repeating the dosorip- 
tion. Measure all projections of chimney-breasts, etc., in the 
same way, stating tho amount of projection, whether hslf-briok, 
one brick, etc. The height and width of each opening ate to 
4o entered one under 'the other, patting the word “ deduct,” or 
“ ddet.” against tho item, and stating the thickness of the 
wall in which it occurs. No deduction is to be made for sills of 
windows or stone dressings, flues, or for any woodwork bedded 
or built into the wall; bat openings for fire-places ore to ^ 
deducted. 

To meosore the length of tho walls in a bnilding which has 
square comers, take tho external girt and deduct twice the 
thickness of any two of tho walls, or else take tho length of two 
walls on t)io outside, and of the other two on the insiito. 'When 
the labour only is being moasnrod, the external girt most be 
taken without deduction. 

In abstracting brickwork, rule two oolnmns for additiems and 
two for dednetions, writing ” 1 bV’ “ li bk.” at the head 
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eftoh ; then outer all the meamiromonte from tho diiticiiMon j 
bookiin one or other of these colntnna. Thus a wall bricks 
thick will be abatracted twiuo, and entered under botli columns. ! 
Add together aU the deductions of the same sort, and also all 
tho additions, take tho former from the latter, and tho quantity 
of 1 bk. walling and bk. walUng is thus obtained : tho 
former being multiplied by 2 and diridod by 3 is brought 
into 14 bk. walling, and can bo added to the quantity already 
formed under that heading. The brickwork Ls now said to bo 
“ reduced ’’ to tho standard of li brick in thioknosa, and when 
divided by 272 is brought into rods. 

Wlien the thickness is throe feet or more, tho briokwork is 
often brought into cubic yards or foot. 

Briok walls, which are measured in tho above manner, are 
described in the bill aecording to the quality of bricks used in j 
the buuking up; and if superior bricks arc used on one or both j 
faces, the whole face is measured again, and doBcribeda.s “ extra ; 
to malm (or other) facfaig.” If a wall is built with a sloping j 
or “ battered ” face, or is circular on plan, tho face is mea- ■ 
snrod separately from the solid walliug, by tho snpcrticial 
foot, 

AVhero old buildings have to bo altered, and part of the walls 
taken down and rebuilt, tbo old materials being used up again, 
moasuro tho walls by tho rod “ roduoad” as abovo described, and 
outer them in the bill as ho many rods and foot reduced, taking 
down, cleaning, and ntaeking old brickwork. 

Fence walls are measUiV'l in tho mode above described, but . 
are usuolly kept separate in tho bill if tlio joints arc struck on ^ 
one or both sides : b\jt if pointed they may be taken with the 
other walls, and the iioiuting measured separately. 

The building of ovens and setliiig coppers is measured by the 
foot cube, and the ash-holcs ileducted. 

Undorpinniug old ivolls with new briokwork in cement is 
taken soiwatoly from tho other work, and mcHsurcd by the 
nid, as abovo riosOTibed; unless tho quantity i-, sinaU, in which 
case it is usually charged in a day Bcconnt, tho time or labour 
and tho materials being taken si. pai’atcly. 

lu measuring briek-noggvid iiairitions take the height by the 
length, and bring it into superficial yards ; deduct the area of 
all openings, but make no deduction for tho timbers built in 
' with the brickwork. 

Whnn a layer of asphallc, two courses of slates in cemout, or 
any other kind of expedient is adopted for preventing the damp 
from rising in tho walls, mcasuro the length of the wall by tho 
thioknesB, and bring it into auperfioiul feet, describing the 
material ompluyod. 

Arches for ooUars or vault.s, and Ir iiimer arclica to eaiTy the 


Measure all drains by tho foot-run, doBoilbing tho size and 
quality, and whether glazed-waro, socket-pipes, or built with 
bricks and tiles. Number all bends, junctions, traps, cesspools, 
etc., describing the sizes. Whore largo drains or sowers havo 
to bo measured they can bo taken by the foot superficial, as 
doBoribed for arches, or the briokwork by the foot oube. 

Measure by the foot-run all narrow cuttings to briokwork, 
suoh as chasoB, bird’s-mnuths, groins of arches, narrow splays, 
chamfers, beads, quirks, rounded corners, string courses, 
cornices, tile-cceasing, fllloting, cutting and pinning edges of 
landings, etc. But all splays and chases more than four inches 
wide ore measured by tho foot superficial. 

Number all items which cannot bo measured, os bedding and 
pointing sash and door frames, cutti:.g and pinning ends of 
stops, inserting air-bricks, fixing chimney-pots, coring fines, 
setting stoves and chimnuy-pioces, etc. 

Where iron hooping in used as a bond in brickwork its length 
is to be taken in yards, the width and thickness being dosoribed. 
Iron chimney bars are taken in the same manner. 


FORTIFICATION.—VII. 

BT AN OFFICEB OF THE BOTAL ENCtlNEEBS. 
OBSTACLES. 

Genercd ife-inart.? 011 their Aiiplieaiion. —In every scheme of 
defence it is evident that u great effort must bo made to render 
the enemy’s advance as diffienlt and slow as possible. 

Tbo moans employed for tliis purpose will, of course, depend 
upon the nature of the country, and on the sort of troop.s against 
which the war is being carried on. They may, however, bo 
classified under two general Leads. 

1st. Those works (generally of destruction) which are intended 
! simply to increase the difiienlty, and cause delay in the enemy’s 
march; but which are not nooessarily within range of tho ]>oints 
I chosen for defence. ^ • 

! 2nd. Thu apidiancos and arrangemciits usually available for 
; tho formation of obstacles which arc not, perhaps, formidable 
‘ in thcmscli'es, but yet answer their puiq’O.se in checking an 
i enemy's oilv.ance, and forcing him to work at removing or do- 
I stroying them wliilo actually under the flro of tho defenders. 

■When time admits of it there can be no doubt that the latter 
kinds of obstacles should invariably be employed to snpplemont 
tho slight defensive powers of ordinary ficld-wcrks, and, indeed, 
should be used in any port of a position where an offenaivo 
return or counter-attack on the part of tho defenders is not 


hearths of liro-planes are measured by tho Huperficial foot, intended. 

taking tho length by tho girt upon the cuj've or soSat, and Tho former class of obstacle includes every species of work 
describing the thickness, and whether in mortar or cement. that tho inhabitants of an invaded territoi^ can devise to hinder 
Gauged orohus, as described in Lesson IX. of “ Building Con- the advance of tho invaders j and if thoroughly carried out, 
strnction,” are measured on tho faoo and soffit by tho foot necessarily involves so considerable a loss of projwrty that they 
superficial j thus, in the flat arch shown at Fig. 63,’*- take the ■ should not be undertaken without carefully ascertaining that 
half sum of the lengths k i, and f Q, or tho length between the the results are likely to be oommonsurate with the oost. 
skewbaeks at half the height, by the depth A i ; then take the There is no doubt that if a pojmlation is sternly determined 
length F a of the soffit by tho width of tho reveal, or distance to saerifiee and destroy everything, and utterly ruin themselves, 
from tho faoo of the wall to tho window-frame. 111 the curved rather thatf allow the invasion to succeed, they can in all countries 


arch of Fig. 65 take tho girt of tho curve half-way between 
E and D, from one skowback to tho other, by the depth E » ; 
then measure the soffit as before, tho length by the width. 

Pointing the joints of brickwork is measured by tho super- 
floial foot, taking the height of the wall by the width, and 
deducting openings, making proper allowance for !>nintiug to 
reveals and soffits of openings. In bringing into bill Uio point¬ 
ing is described either ns flat-joint, tuck, or otherwise; one? 
when old work has to be pointed tho ereotion of scaffolding and 
raking out tho joints must be added to tho description. 

Brick or tile paving is taken by the yard superfloiri, and 
dosoribed os brick-flat, briok-on-odgo, in stocks, malms, clinkers, 
i-inoh or l-inoh tiles, etc.; and the mode of laying is also 
stated, whether in sand, dry or grouted, on concrete, or otherwise. 

Brick-on-edge coping to fonoe walla is measured in with tho 
wall when in mortar; bnt if laid in cement, or if a different 
kind of briok is used, its length is taken separately, as well as 
being measured with tho solid briokwork, and is entorod as 
extra to brick-on-edge in cement. 

* ^or this and Fig. 85, see TscnsiCAiiEnwAton, Vol. I., pp. 203, 264. 


greatly increase tbo difficulties of tho enemy, and in some cli¬ 
mates may render his success impossible. In 1812 the burmng 
and destructioifof everything that would shelter the enemy from 
the severities of the winter enabled the Bussians to repel their 
otherwise invincible foes. It must bo remembered, however, 
tliat in more populated countries it would bo almost impossiblo 
to carry out snoh a means of defence os that referred to. Tlio 
strong patrintio feeling of the people would probably prompt 
them to endeavour to obstruct, and hinder the march of the 
enemy’s twmps ; bnt no really important results can bo obtained 
unless the peasants are prepared to act in concert on some large 
and previously determined plan, and ore, moreover, ready to 
follow up their acts by others much more difficult to execute, 
snoh as the total abandonment of tho district by tho whole able- 
bodied population. This would throw the labour of overcoming 
the obstacles on the invaders themsolve.-i, and would probably 
cheek tho advanon considerably. 

"What more usually happens, however, is that numbers of tho 
inhabitants remain to look after their property, and consequently 
are seized and forced to supply the extra labour required to 
enable the enemy’s advanced guards to clear tho way for tho 
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ma88 of tlicir troops, Kotliinj;, thciofoi«, can Lc mere sciisc-lnss 
than for the inhabitants to fell the trues nmi block np thu roails, 
if they remain on the spot, and have within a few liours to 
remove the obstacles they themselves created; unless from the 
enclosed nature of the country the enemy is ncuossiiTiJy re¬ 
stricted to these roads for his guns, wagons, etc., in which case 
every delay, however small, wonld bo of use. Any octiun of 
this kind by the unarmoii ^lopnlation, unless it is so carried out 
as to materially assist the cause of their own army, is to bo 
deprecated, ns it can only result in harsh treatment by the 
invaders, and (as was so 
often proved in tlie late 
war in J'^injce) rarely 
has the cfl'oct of making 
tlio heads of the enemy’s 
columns halt or oven 
check their advance. 

Tliis was doubtloss duo 
in a great measure to 
the open nature of the 
oounby, which admitted 
of obstacles being easily 
turned or avoid»'d, and 
also to the fact that in 
all modern armies tlie 
advanced guards are 
Buppliod with the means 
of bridging rivers, and 
clearing away such hin¬ 
drances ns are likely to 

bo met with ; moreover, they moroh so far in advanix) that any j 
slight check or diihoultios they have to encounter are probably 
ovoroomo before the main force arrives. In many ports of Eng- i 
land the fences are so numerous and large that an enemy wenld ! 
bo obliged to keep to the roods ivith bis gnus and cavalry, and | 
in these places the passive obstmotions that could be so readily ; 
made by ordinary farm labourers, such as felled timber, barri- ' 
eudo.s of carts, oto., would be invaluable, provided they worn [ 
carried out intelligently under the direction of engineer or sbiff 1 
officers, who, realising that the enemy will advance by many 
roads at oiico, would take 
earc that labour was not 
wasted on obstrnotions 
tliat could bo cosily 
avoided. 

The m.)st important 
of this eJa.ss of obstacles 
are the destruction of 
railway tnnnels, bridges, 
dykes, eanal banks, etc. 

Their destiruction, how¬ 
ever, is often a severe 
national loss, which is 
felt long after the war 
is ut an cud, and there¬ 
fore the instinct to de¬ 
stroy everything that 
mivy bo of use to the 
enemy should not bo 
blindly indulged in. 

There ni'e, of oonrso, 
cases when the safety of 
a retreating army, and 
possibly the fate of a 



Fig, 50. 
PAUSAbtiS. 


for demolitiou, one should bo ohosou at some point on a main 
line where, from the nature of the country, it will bo a wprk of 
great ditUcnlty to divert the railway and carry it round or over 
the range of hills through whieh the tunnel is bored. A cose 
of tills kind, that gave much trouble to tlie Gorman troops, was 
a tunnel on the Paris and Strasburg line, about thirty miles 
oast of Paris, which was found so difficult to repair that a loop 
lino hod tio bo oonstnicted to avoid it. Bailways may be tem¬ 
porarily obstrncted in time of war by small parties of men, who 
should ooUoot the rails and sleepers, and having formed a fire 

with the latter, the roils 
should be heated until 
thoy are capable of being 
bent and twisted, so as 
to provont their being 
used again. The destruc¬ 
tion of the water-tanka, 
turn-tables, and other 
iiccoRBories of a railway- 
station, oould bo readily 
and rapidly oroented by 
men accustomed to their 
uses. The question of 
the ro)iair and demoli¬ 
tion of railway lines in 
time of war is, however, 
too large a subject to 
be dealt with here. 

An .army retiring 
through an enemy’s 
country wonld probably resort to the nso of this inoro sorions 
elosB of obstacles, both because it would bo reckless of the damage 
done to the national property of their advoraarioa, and also be¬ 
cause any of the slighter kind of obstanlos wonld bo promptly 
removed by the population to facilitate the advance of their own 
troops; whereas, cxaetly the reverse of thi.s policy would bo 
adopted as soon as the retreat hud to bo conducted through its 
own territ.ory. 

Jnuvdtifioiis .—Small streams, rivers, etc., may bo eonverlod 
into a most valuable passive defence by fonniug embankmenta 

or darns across the val¬ 
leys of such a height as 
to cause the water to rise 
a:id iriuuclato a considor- 
abln extent of country. 
;Vii iiininlalion is only 
Tcally a serious obstaelo 
r.'lion it is not fordable, 

! c. whom the water at 
i ts sha]]owo.st }>art is at 
lesist six foot deep. This, 
however, is not often 
practicable, as it would 
in ranst cases involve 
iho construction of dams 
t ro largo and too solid to 
bo hastily built. A shal¬ 
low inundation may,' 
however, bo renders 
very difficult to oross, by 
digging deep trenches, 
pits, etc., at intervals 
across the probable lino 
of tho enemy’s advance. 


nation, may depend on the timely dostruotion of some great bridge j<and causing the water to rise just so high as to hide these from 
or other public work, by whieh the delay of even a few hours is | view. 


oocasioned. 

of bridging is unopposed, a militaiy bridge can nsnally bo 
thrown across any ordinary river in about three-quarters of an 
hour, and that consequently the destruotion of a great national 
work may really only result in delaying tho enemy's mnroh by 
that len^h of time. When a railway viaduct is destroyed under 
these oirouuistii,nces the inoonvonienco to the enemy will he for 
more Borious. ns a temporary wooden bridge to bear railway 
traffic must needs bo a large undertaking, especially if core has 
been taken in the demolition of the piers to leave no solid basis 
remaining from which to support tho new bridge. 

ObstmefMji to Railways, etc.—-In selecting a railway tunnel 


The length of valley inundated will depend upon tho height 
of the dams and on the slope of the water-course of the volley 
itself; the breadth of iho inundation on the height and lengiffi 
of the dam and the slopes of the sides of the valley. 

A contoured survey or levels must have been ta^n before the 
exact size of the dams and extent of inundation can bo deter¬ 
mined; and as the inundation is oply an obstacle so long as the 
dams ore in good order, it follows that their position should bo 
such that they can be seen and defended by the fire of troopa 
placed on tho near side of them. 

As regards tho materials to be employed, no data can bo 
given, except that the side of the embankment that has to retain 
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the water must be faced with clay well paddled or mixed, and 
that the thiaknees of the bank at top, if conetruotod of earth, 
ahoold at least bo eqnal to the depth of water, the slope i being 
on the side next the water 'J, and } on the other side (Fig. 47). 

As in the oonrso of time the water would gradually rise and 
flow over the embankment, and would thereby certainly destroy 
it, sluice-gates are a necessity for every dam, in order that the 
level and action of the water may be controlled. 

Of the class of obstacles used to delay the enemy while under 
fire, the following are those most generally employed:—Abattis, 
entanglements, pointed stakes, trous de lonp, palisades, fraises, 
fongasBes, chevaux de frises, 
crow’s feet. 

In their application the follow¬ 
ing principles should be borne in 
mind—viz., that they should bo 
BO placed as to bo hidden from 
the enemy’s fire, while within 
view and range of your own 
works; they should be so solidly 
constructed as to cause a serious 
check to the attacking troops, 
and should give no cover to them 
when they are engaged in break¬ 
ing ilirough the obstruction. 

AbaitiK .—Abattis consists of 
a number of trees or large 
branuhds placed in a row on the 
gronnd, with the boughs (which 


troublesome operation under fire, and one which is not satis- 
faotorily performed by the action of shells, the effect of which 
is often to twist and bend the wire, forming a more difficult en¬ 
tanglement than before. Thick brushwood and ooppioo may bo 
formed into an entanglement by ontting the stems half through, 
and bending them down, the ends being buried or pegged to tbe 
ground. A series of rough hoops ore thus formed, which arc 
difficult to get over by a body of mon moving rapidly forward, 
and who are, moreover, under fire while so doing. 

Pointed Stakes .—^Bows of stout pickets driven about three 
feet into the ground, tod their ends snbsoqnontly pointed, may 

bo employed with advantage to 
incroaso the difficulty of attack¬ 
ing a work. If placed in the 
bottom of a ditch, and near the 
edge of the counterscarp, they 
render the task of jumping into 
the ditch u dangorons one. This 
class of obstacle was freely used 
by the Chinese, in the defence of 
the works the British troops at¬ 
tacked on the Peiho river. 

Trous de Loup .—Trous do loup 
are pits arranged in several rows, 
and placed chequerwise, so that 
the interval between each pair 
is covered by the pit in front. 
Kach pit is furnished with a stout 
pointed picket, driven into the 
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are pointed) directed towards 
the enemy. Where the trees 
are growing on the spot re¬ 
quired for the abat^, an 
admiriiblo obstacle ' can bo 
readily made, as the trunks 
should be only sufficiently cut 
through to allow of the trees 
falling over. By this moans 
it will bo very difficult for the 
enemy to remove them, or got 
tbrongh while under fire, os 
each large tree would bo a 
fixture, and smaller branches 
ahould be interlaced with 
their own, to complcto the 
obstaolc. The real difficulty 
in the employment of abattis 
is the removal of largo trees and branobos. from where they arc 


cut down, to the required points. The modo of attacking abattisJ snob a length, that they project ten feet above ground, their 


would be to break a number of large gaps in the lino with shells, 
before the attacung columns came up: and for this reason, when 
need in the defence of field-works, abattis should bo plaood eitlier 
upright in the ditch at the foot of the counterscarp, or else in 
frtot of thb ditch, but protected from view of Uie enemy by a 
raised glacis (Fig. 48). 

Enianglemonts. —An ontanglemont is in many instances a 
useful obstacle, and requires no groat skill to oonstruot. It 
may easily bo made by driving a number of rows of stout 
pickets in front of a work, and oonnocting them together with 
strong wire, at about two foot from the ground, so as to prevent 
the possibility of a rush forward on tbo pert of tlio r.l,taoking 
columns, until the wires have boon out. Tlxii would bo a 


bottom of the pit. They 
should either bo of such a 
depth, and so narrow at tbe 
bottom, that they cannot be 
used as rifle-pits by the 
assailants, or so shallow os 
to afford no cover. The 
larger kind are usually coni¬ 
cal in shape, ten foot from 
centre to centre, and six feet 
deep (Fig. 49). 

Palisades .—Palisades are 
stout palings, the uprights 
of which are usually half tim¬ 
bers nailed to a couple of 
longitudinal rails. Tire up¬ 
rights should bo placed so 
dose, as to render it difficult 
to got through oven by the romc val of one of them ; and of 




butt-ends being buried throe feet below the surface. Palisades, 
therefore, are somewhat like stockades in construction, but, of 
course, do not give protection from fire, and arc used merely 
as on obstaolo, placed usnally either in the ditcli, or across 
the gorge of an open work, in which positions they would 
bo Bcroonod from view, and possibly frf)m the fire of the enemy. 
When placed in the ditch, Aoy should be cither in the centre, 
or somewhat neater the counterscarp side, to be as much pro¬ 
tected as possible, and yet not so near that they can be jumped 
over from tho edge of the glacis (Fig. 50). 

Fraises. —^I’raiees are paliogs similar in oonstnmii.on to pali¬ 
sades, but placed in a nearly horizontal position on the hermo, 
or projecting from the counterscarp of a work, to increase the 
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diS<nilty of tUe paKsogo of tho ditch. In order that the ribband, 
or top rail, eltonld not be od an a means of pulling iltem over 
bodily into the ditch,.it is nailed nearer tlm bntt-ond, and is 
covered by llio earth of tho parapet or glacis. Fraises on the 
escarp side are liable to damage by thp enemy’s fire. Both 
fraieoa and paUsados are sometimes uanetrnnted of wrought 
iron, and need in connection with permanent fortifications. 

Fougasses.—Fongosses arc small mines placed close to the 
surface, and loaded with stones or shells. They ore intended 
to act as a species of mortar, propelling their contents irs the 
direction and at the moment of the attack. In some sitnntions, 
such as tho end of a street in a village where the lofact point 
of attack is known, they may be useful as a moans of defence; 
hat, except fur their moral cll'eet, it is donktrul if they actually 
produce many casualties, and, moreover, they can only bo used 
onoe, and cease to bo an obstaolo after being fired (Fig. 51). 

Chevauic de IViscs.—Chovaux de fiiaes are made by fixing a 
number of spikes, of iron or wood, to a largo beam of wood, which 
is supported at either end. These spikes project in every 
direction, and are available for closing the oiiening into a work, 
or preventing troops from advancing up a street (Fig. 52). 

eVow'g Feet. —Crow’s feet are formed by welding together four 
iron spikes, about 4 inohes long, in sucli a way, that in what¬ 
ever position, it may bo placed, three prongs are on t’oe ground 
and the fourth upright. They arc useful as a means of maiming 
horses and stojiping a cavalry charge. They may also bo em¬ 
ployed to prevent a ford being used, provided the bed of tho 
stream is hard enough to prdvont their being sunk in tho mud. 


PAPER AND CARDIIOARD MAKTNC.—II. 

BY GEOltaE TINBAIili. 

PBEPAKATION OF MATEltlAIiS. 

Matkbiai,r of all kinds, whether rags, waste, or vegetable sub¬ 
stances, require in tho first place careful sorting, to free them 
from impurities, before being used for any but the very coai'sest 
descriptions of paper. This operation is usually performed by 
women and girls upon a Icttice or table, the top of which is 
formed of an opon-meahed wire netting, through which the dust 
and finer dirt fall, os the materials are turned over; a common 
knife, generally a piece of 1 ho blade of a soythe, is fixed on one 
side of tho table, or at each end if two girls work at one table, 
for tho purpose of opening seams and cutting rags into smaller 
]iiocOB. If fine or superfine nigs are being sorted, they are 
generally out ready for lioiling during tliis operation into pieces 
not more than four inohes square, and this is called cutting by 
hand: but common rags m’o usually cut by moohinery, and 
when sorted only largo pieces of rag are cut. Here all woollens, 
braid, etc., are oarofully cutoff, pins, buttons, and other foreign 
Fubstanoes are removed, and tho mgs are dropped into a box in 
front of the Icttioo, which is usually divided by partitions so 
that the qualities of rags may bo kept separate. Tho degree 
to whioh this sorting is carried, depends entirely upon the kind 
of paper for which they are to bo used: if for fine writings, the 
white rags ai*o carcfiiUy sorted ont, and the cotlons sejiaratod 
from the linens; whilst for inferior printings, ote., .the rags ore 
all tlirown into one box, only tho rejected substances being 
separated. Waste, both cotton and linen, is very variable in 
quality, sumo being very clean, iind requiring but little sorting, 
whilst others are often full of impurities of various kinds: 
splinters of wood, bits of leather, metal, and many other things, 
prevail in difforont samples, depending in a great measure on 
tho different proeossos of manufacture in which the waste is 
produced; many kinds are full of impurili'-s, so fine that it is 
useless attempting to got rid of them by sorting, and sueh snb- 
staneea ore separated by a process called “willowing.”, 

Esparto also is mmally first sorted on lettices, and the coarse 
root and other impurities removed : this grass when pulled—for 
it is not cut—^is tied up in small bnndjos, and these again are 
tied up with esparto ropes into large bundles or pressed into 
bales, and scoured with hooiis or wire, and largo stones are 
often found earofnlly concealed in the centre of the small 
bimdles. The roots are not used in the mannfaetnro of white 
Wmrs, but are availtible for rough browns or for wrapimrs. 

< After sorting, rags requiring further cutting are taken to the 
“ ohopper,” a machine, in it.s most improved form, consisting of ! 
a ku^ revolving disc, on which strong steel knives are fixed, j 


working against a stationary one. Tlie rags are fed into the 
machine by means of a fult or blanket passing between two 
rollers, which compress tho rags, and deliver them to tho fixed 
knife, when they are cat to pieces by the action of tl^o revolving 
I b^des, and tbi'own ont at the back of tho machin^,‘ 

\WaBto and other substances requiring it are wen willowed 
by passing through the machine of that name, or, as it is more 
commonly called in tho woollen manufacture, the “ devil,” being 
I used for tearing up old woollen materials info mnngo for re- 
manufaoture. This consists of a oonioal cylinder set with tootdi 
about one inch square, and projecting about three inches from 
the cone. This cylinder is mode to revolve at a very rapid rate, 
usually about 150 revolutions per minute, the teeth on tho 
cylinder working between similar teeth firmly fixed on the outer 
casing of tho maohine. The rags or waste are fed in at tho 
Binoll end of the cone, and are tom to pieces between the teeth 
of the machine as they pass to the wider ond, whore they oro 
j violently expelled in tho current produced by the rajiid rovoln* 
I tion of tho cone. By this means the fibres of the rags or waste 
! ui)cratcd on are loosened or opened, so that the <Urt is more 
easily acted on, and any Inmps or knote are at onoe expelled.*) 
The next operation is that of dusting, wliioh is performed in 
a strong open meshed wire cage of considerable length. This 
is made to revolve slowly, and is euclosoJ in a wooden frame¬ 
work to keep in the dust expelled from the rags, Tliis cage is 
either made wider at one ond than the other, or tho eontre is 
fixed lower at one ond, so that there is a gradual fall sufficient 
to send the rags forward, and the dirt, already loosened by tho 
cutting and willowing prooesses, passes through tho intei-stices 
(.f tho wires, the rags being thrown from side to siilo by tho re¬ 
volving motiuii of the cage, as they traverse it from the niqier to 
the lower ond, where they fall ont and are removed to the boilers. 

Straw is prepared for boiling by cutting (t into obaff, and, 
unless used for fine pajicrs, iiceils no sorting, i Wood is acted 
I on either by rednoing it to powder by grinding, or by breaking 
' and ei’usliiug it. Hevoral mills have already adopted, or are 
about to adopt, tho latter plan, in which, by means of a powerful 
“chopper,” a knife scoured to a heavy cast-iron disc revolving 
at a high speed, the blocks of wood are eui into slices half an 
inch thick, and these are afterwards cru'-hed between iron rollers, 
i^'l turned out in small chips ready for the bi'iler. 

■J'ho boiling process is one of the most important in the 
manufacture of papor, especially from ernde vegeliible fibres, as 
unless those are thoroughly reduced, and .ell the various parts 
softened, so a.s to easily cwusli and break np, it. is impossible to 
bleach them thoroughly or convert them into fine paper. Fine 
rugs are e.a<ily treated : it is only necessary to boil them a few 
hours in a solution of caustic lime, or with the addition of a 
small quantity of soda asli, in any kind of pan open or closed, 
and they are ready for tho washing engines: but for other sub¬ 
stances stronger solutions must be used, and pans specially 
I adapted for the purpose. Two kinds of boiks's find most favonr 
in this country, fixed kiers with a vomiting-pipe, and cylindrical 
or spherical boilers, which are kept slowly revolving during the 
boiling of the materials. The former is usually an upright 
cylindrical boiler with a man-hole at the top for feeding in, and 
also one near the bottom to take away tho boiled materials, or tho 
pan may be shallower and open at the top if no pressure is re¬ 
quired ; in the centre is an open pipe into which the liquor is freely 
admitted, and a jet of steam from a stoam-pipo opening into this, 
forces tho boiling liquor with groat violence uji the pipe, over 
whioh is placed an iron umbrella, whioh distributes it over the 
whol'i of the pan, thns keeping the boiling mass in a state of con¬ 
stant agitation, and bringing every portion of the contents of tho 
pan under the aetiun of the caustic liquor. Tlio kier is usually 
iftodo slightly spherical at tho bottom, and, if used under pres¬ 
sure, at the top also; it is famished with a false bottom of per¬ 
forated plates, through whioh the sand and other imparities left 
in the materiala escape daring the boiling process. The re¬ 
volving boiler is generally cylindrioal, but a spherical ono has 
been introdneed; it is mounted on strong metal standards, and 
mode to revolve slowly, a steam-pipe being introdneed into one 
axis for tho purpose of boiling. Only one man-hole is required, 
as tho boiler can be filled wbilo thj^ is at the top, and emptied 
when it is at tlie bottom into a box placed underneath it. The 
motion of the boiler, os it slowly revolves, continually throws 
the oontonts from side to side, and this is generally ossistod by 
plates running across the length of the boiler, and placed at on 
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_,u^'lo to tlio sides, so that ev^ portion of the materials is 
equally acted on daring boiling.} 

Esparto, straw, and wood require boiling for several hours in 
a strong solntiun of caustio soda, tho ]:wo liwt-naniod substances 
under very ounsiderable pressure ; in some mills, where rags and 
waste are also used, tho liquor, after nee for any of tliese sub- 
stanoes, is pumped into a oistorn, and used over again with tho 
ad<lition of a littlo canstio lime for tho boiling of rags. Canstic 
soda may be procured already prepared and solidified in drums of i 
iron, and when used in this state tho drams are cnt open and ! 
the contents simply added to the material to lie boiled, with j 
tho addition of a anfiieient quantity of water; bat most imakers 
prefer using soda ash, and making -it caustic before using; this | 
is done in round open pans fitted with an agitator inside, turned ' 
by steam or by hand. Tho soda ash being placed in tho pan with | 
water, and heated by means of a jet of steam, sufficient caustic ' 
or hydrated lime is placed in a oago inside the pan, and the | 
agitator is sot in motion: a strong ebullition is immeihatoly set I 
up, and tho lime loses its canstio qualities, which are transfem'd i 
to the alkali, roudoring it a much stronger and more active j 
detergent. After agitating tho liquor for some time, it is allowed 
to stand, and tho clear liquor is then nin off into a eislern, the | 
irapiiriiiua settling t^ the bottom of the pan, .and tliu refuse li>nc ' 
being retained in tlio cage in which it was placed; tho pan is 
again filled with water, which is also agitated for some time, and 
after standing is again run off into the cistern, and oiidcil to . 
the sti'ong liquor. This may ho repeated two or three times 
wiUi odvautagf, taking care that the liquor used is of known 
strength at tlie time. 

{ The process of boiling is sim|)lfl. If rags are nsed, as they are , 
brought from the dusier they are fed into the boiler, usually a 
revolver; tho Toquisito solution of caustio litnc or soda, and 
spent esparto liquor, if used, is ad<led; tho man-hide is sitowimI | 
down, stoaiu is turned itito tho boiler, which is at the saino time | 
sol in motion ; aaid after boiling four to six hours, lliey nre 
onifitied iiiti> trucks, and sent to be washed. Stronger nial ori.!)', 
Bueh as hemp and jnU', require a stronger solution J but ail ili'i^o 
materials described in our piqicr as Class n, having pri'- 
vionsly midergonu soino proji.-.vi,.oii of th’s kind, much m uo 
easily and cheaply boiled than the second class.i 'nil.i proc<>!!s 
is iioecBsary to destroy greasy matter, and to Ioostii the dirl 
among tho fibres of the material, a great portion of whioli is > 
carried off during boiling. ■' Esparto is nsiinlly boiled in the 
fixed kier, but sometimes iu the revolver, and for this substance 
a largo propoi+ion—in fact, over 20 per cent.—of ciiusti". , 
alkali of ordinary commcreiul strength, say 48 per coni., ivn,t 
be used, and tho boiling contiunod r.r eight liouj'.s or mure ' 
bofore this snlistanoo is suflioiontl.v bgOoUsl: when pro|icrly ; 
boilod a large handful should bo co.. ;l.v lwist''tl to pieces, whilst 
hoforo boiling throo or four blades of this strong grass together | 
defy the cll'orts of tho strongest man to break them. Straw is i 
still mure difficult to boil well, on aocount of the knots wliich ' 
occur 80 often in the stem : tliis subsfance, therefore, is b died ixi , 
strong steam boilers under considerablo pressure, and some- j 
times these boilers are fixed in brick wore, and .agitators arc 
kept in motion inside to mix up tho boiling iimss, and jirovciit i 
any portioii of tho eoutonts from becoming biu'iit against the j 
sides of the hot boiler. Wood i'l also very refraetiirv, and re- ' 
quires a special boiler and very high presanrn to roduoe it to ! 
Huoli a stale as to allow of its delicate fibres being got out nn- I 
broken. Tho particles of wood broken np as before described are i 
put into cages, and tho boiler filled with tlieso cages; by this ; 
means tho wood is kept always covered by tho boiling liquor, | 
and prevented from floating at Uio top and bcooming charred; i 
after being sufficiently boiled tho pieces of wood are so mudi j 
softened that they may be emshed up botv/ceu the finger ond^ 
mb like so much tinder. I 

•ftor tho materials liavo been boiled a snfficiont length of ' 
I, the liquor, if a strong one has been used, is run off, and i 
either pumped into a cistern to bo used for rags cr for ovajMira- j 
tion, or allowed to run to waste, and if possible a eoi^ous stream | 
of water is allowed to run through the materials,' ospoeially | 
csjiarto or straw, for tlio purpose of washing awty tho gummy j 
and rosinona matters which adhere to crude flhrea after hoiling. 

(The materials are then throwfl into wood Bn4 iron hoxisi on 
wheels, and sent down to the washing engines. 

Waste papers, after being dusted in the usual way, ore boiled 
iu strong canstic soda in a Trashing or poaching engine, such as 


will bo described in onr next paper, ooverod with a lid, and with 
a rolling motion, so that during this process the papers are 
broken np and partly rodnoed to pnlp, whilst the ink is dis- 
oharged, and carried away at the same time. This class of waste 
can, however, only bo used for a very inferior class of printings. 
Clean paper cuttings are best boiM in water only, in an ojKin 
pan, and stirred with a rod until they are thoronghly softened; 
they may then he used with other materialB for the finer papers. 

In boiling at low prossnres the exhausted steam from the 
various engines in tho mill is generally nsed, and this is often 
collected into a single pipe and conveyed to the boilers. This 
method may be economical where engines suffloiently powerful 
are employed ; but it must be remembered that this back pres¬ 
sure has to bo overcome by each engine in addition to its own 
work, and other more important procGaseB may be impeded by 
this extra strain put upon their driving power. 

From what has boon said above it will be seen that the boiling 
of vegetable fibres la by far more costly than that of rags and 
waste. For the latter materials a small quantity of lime at l.Ss. 
a ton suffices; while for the former a considerable quantity e£ 
Kudu ash, worth £H a ton, is required; aud it must be romom- 
hcrud also that the waste of crude fibres under this treatment 
is at least twice as much as that of rags, etc. After this stage, 
tile working of both classes of materials is nearly the same, so 
that it is here the oompar.ativu values of materials to the paper- 
maker must be tested, in order to decide what is best to be used 
ior a given paper. So long as esparto could bo bought at £5 to 
Jill a ton, it competed favourably with rags at .£13 a ton; but 
when, ns was tho ease a very short time since, esparto advanced 
to .£1<J a ton. and tho same class of rags to jBIG a ton, then their 
i-chitivu values changed considerably, and an enormous impetus 
wps gi\ on to the use of strajv and wood. 

. 'I'lic grrat cost of soda ash used in this pi'ocess, added to the 
prcKMirc brought to bear by landowners on Streams, where the 
(loleterions effects of tlic spent esparto liquor in destroying tho 
fi,'b were severely felt, has induced many papcr-iuakerK to re¬ 
cover tho soda lusli after use by evaporatuig tlie liquor, and cal¬ 
cining tho Residue; and as this can be done with great saviM to 
the maker, it will doubtless lieeome the general ))racticc. (I'he 
liquor, as it leaves the boiling pans, is pumped up into tanks, 
mid there' evapoi'n,tPil, ni.til it becomes of the ooiiBistoncy of 
trcr.clc: it is then passed into a series of shallow tanks built in 
I.rli'k'work. whieli with fines j)as.siug between them constitute a 
furnace, licatcd by means of a coal fire at the bottom : as the 
liquor beeiimo.s thicker it is pushed down into a tank at a lower 
IcM’l, nod so on. gradually losing its water, until in tho bottom 
jio'i it tc'-oipcs .almcst solid, and is then pushed forward into 
the fn-c iii'd burnt, assisting by its own boat iu the evaporation 
of the rimoining liquor; tho ashes arc then carried away and 
thrown in a heap, and this is left for some days to bum itself 
ont. soda ii.sh of a comparatively pure character being tho result, 
cxci'pt in the outer portion of tho hcaji, which has been sub- 
jictrd to the action of the atmosphere and is blackened; this 
is removed mid thrown away. ' 

Tho Te.'trintions imposed by tho Pollution of Streams Act 
have prevented many makers, especially in the south of England, 
from ubiug ciudc (ibres, in eonscqucnce of the poisonous efi'oets of 
tlio spent nfknli; whilst in Lancashire and tho north of England, 
wliei-o the streams arc already fouled by other manufacturing 
opera tictis, these lihres are cxiciiKively used, and pajicr-makitigin 
this part of tho country has thereby received snoh an iinpf ins ub 
renders it likely to .-.oon oelipse the county of Kent, the citadle of 
jia)>er-making, aivl its southern neighbours, if it does not already 
do so. This only ut present applies to tho quantity of pajiar made, 
not to the quality, _ 

T Jl E Ii A T H £.—111. 

By Hukbt Noiithcott. 

SIOMPIC.ATIONS or TUK LATHE FOK Sl’ECIAL PtIKPOSES— 
BACK UEARINCt FOE CUTTIN’G MIITAL. 

The ground wo have traversed lias Uins far been common to 
all classes of turning, but from this poiui iiuiirovomcnts in tli" 
lathe have divided theraselvcs into several muni classes, dopeiidiu;.' 
njHin the style of work tho lathe has boon designed more cspoc.al 
to perform. ITius tho meohanical ongineor has increa.icd tli.- 
jiower of tlic lathe, so us to enable work of considerable magni¬ 
tude to be turned as easily as the smallest wire in the simple 
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lathe; be hae adapted tnechanumeo that the lathe may be driren 
by the poTrerfol foroe of steam; ht hae inoreaeed its aocoraoy 
zeaderln^ aoonraoy no longer entirely dependent upon the 
opacator's skill; he has gradualiy added to it mechanism by 
which the action of the lathe is rendered automatic; and ho has 
rendered it eapablo of producing not only circular work, but 
«noh irtegolarly-shaped articles as gun-stocks, shoe-lasts, and 
others; and he has adapted it 
to a multitude of uses, suggested 
to him by the great variety of 
forms he is continually cfidled 
upon to prodneo. 

The aniatenr mechanic also, 
whilst using to some extent the 
means devised by the engineer 
for obtaining power, accuracy, 
and the power cj self-moving, has 
contrived to increase the powers 
of the lathe by the addition of 
mechanism for planing, for cut¬ 
ting the teeth of wheels, for 
drilling holes, and various 
other operations, each of which 
usually requires a separate 
machine, but which on a small 
soalo arc quite readily and 
satisfactorily managed in the 
lathe. 

The ornamental turner, on his 
part, has in another direction 
added immensely to the powers, 
and also to the complexity, of 
the lathe. Ho has added various 
instruments called chucks, some 

to vary the position of his work, some to produce non-circular 
sections, and others to produce all kinds of beautiful carves and 
ornamental figures, some of which are singularly graceful, and 
some far too intricate for the eye to follow unassisted by the 
microscope. The ornamental tumor has also added means for 
the exact division and arrangement of liis work, various entting 
instruments for the production 
of omamontal solids and carved 
work, apparatus for cutting 
medalliouB, and various other 
■neohanism. All these improve¬ 
ments and additions have made 
the lathe certainly one of the 
most useful machines known to 
man, and it would be as cosy 
and as short a task to onumcraio 
what cannot be done in tho 
lathe as to say what can. And 
. BO far from its work being neces¬ 
sarily of a circular seotion, t have 
suoooeded in producing by rnti- 
iinuous rotation, in tho same 
way as for a cylinder, and of any 
required length, artioles whoso 
aeotions are perfectly square. 

The space at my disposal is too 
limited to allow of my describing 
the whole of tho various modifl- 
caiioBS of the lathe; but I shall 
oudea'voar, by describing a few of 
the amst Important and most cha- 
raoteristlo, tq convey some-iw^n 
of its extends ueefnlnoss. 

Tho gxMter. power ‘is obtained for cutting large pieces of 
metal by the addition to the lathe of the back gearing shown 
in Fig. d. This gearing consists' of two pairs of spnr-whcols 
and pinions; one |dniou, a, being attached to the usual lathe- 
pulley ; a wheel, 6; and pinion, c, being fastened upon a short 
shaft or axis placed behind the lathe-spindle; whilst tho remain¬ 
ing wheel, d, is keyed upon the lathe-spindlo. In this arrange¬ 
ment of gearing, the ptiUey is Hot keyed directly upon the latho- 
spittdle, but may rointo f^ly upon it, without drawing round 
the ipindle; or it may be'made to rotate tho spindle also by 
conaectibg it to tho wheel d.' The shaft carrying the wheel and | 


Fig.!). 



pinion may bo drawn towards the lathe-spindle, so os to oaose 
the teeth of the several wheels to gear or engage with each 
other; or the shaft may bo removed outwards until the wheel- 
teeth become disengaged and oapable of independent rotation. 
'When ordinary light turning is being practised, iho shaft curry¬ 
ing 'the back wheel and pinion is withdrawn, so that these wheels 
then remain idle, and the pulley being oonneoted to tho wheel d, 

by means of a small sliding bolt 
and nut at tlie side, the lathe- 
spiirido is rotated in the ordi¬ 
nary manner, and at the ordinary 
spe^. But when heavier work 
has to be performed, and greater 
power is required, the book 
shaft is V>tonght in until tho 
several wheels gear with each 
other, and the lathe-pulley is 
detached from the wheel <1, to 
allow of its being rotated inde¬ 
pendently of tho lathe-spindle. 
How, on tho lathe being sot in 
motion and tho latho-pulloy ro¬ 
tated, tho pinion a, attached to 
the pulley, drives the wheel b, 
the book shaft or axle, and tho 
pinion C, which latter in its tnm 
gives motion to tho whoul <1, at¬ 
tached to the latho-spiudlo, and 
so to the lathe-spindlo itself, and 
any work attached to it. 

Thu sectional illustration of 
this doable gearing wo have given 
ill Fig. 10, in whinh the same 
letters are used, ■will best enable 
tlie reader to understand tho iwrangomout and its mode of 
working; but it must bo clearly uiidurstond tliat, whilst tho 
largo wheel d is always keyed fast upon tho lathe-spindlo, ■the 
pulley and pinion a may be eoiinected to or disconnouted from 
the lathe-spindle at pleasure. Disconnected from •tho spindle 
when the double gearing in use, tlic pulley runs freely 

upon the spindle, driving the 
latter not direct, but through 
tho other wheels at a much 
slower speed. For example, sup¬ 
posing tho pulley to bo routed, 
say, 900 times per minute, tlio 
pinion a to have 20 tooth, the 
wheel b 'to have 00 'teoth, tho 
pinion c 20 teeth, and tho wheel d 
00 teeth, if the pulley were eon- 
iH'otod to the wheel d, the latter 
and the lathe-spindlo would ne¬ 
cessarily rotate the same number 
of times as tholathe-pnlloy itself, 
or 900 times per minute; hut 
with the double gearing in action, 
tho pulley and pinion a would 
drive the wheel 6 at a speed the 
inverse ratio of the sizes of the 
wheels, or GO : 900 ; : 20 : 300, 
and tho speed of the wheel d 
and the lathe-spindle would be 
COO: 300:: 20:100. Tho pulley 
therefore, in rotating 900 times, 
would drive tho back axis around 
300 times, and the latho-spindle 
100 times; and, disregarding 
friction, whilst the speed of tlio lathe has been decreased nine 
times, its power of overcoming resistnuce has been increased to 
precisely the same extent. Or in other words, by the use of 
this gearing we can take a out nine times as heavy, or one that 
opposos niuo times the rosistanee to tho lathe’s rotation. -The 
value of this addition to the lathe is now very apparent, but 
besides the inoroaso in power, thoedooroase of speed is very fre¬ 
quently desirable of itself, as all materials con best be turned 
when rotating at a certain speed; and even with wood, when this 
speed is very much exceeded,the tools are spoiled by the oxceesivo 
heat that » developed by the friction. 
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TECHNICAL DRAWING.—L howw, Bhown that this is fax from being tbe case ; and 

* ’ that whOst every form of arch, with one exception, is found in 

OOTHIC STONEWOBK. Eaxly English bnUdings, so the lancet aioh is found in both the 

* OOTHIC ABCBBB. snooeeding styles; the single exception referred to being the 

Thb principles of tho general construction of arches having foUr-oontrod, or Tiidot arch (Fig. 441), which is the peculiar pro- 


been given in the series of papers which have already appeared 
on “Building Construction,” it will only hero be necessary to 
describe tho characteristic forms of those associated with that 
period of architocturo which forms the subject of our present 
study. 

It has been said that tho Bomi-oironlar arch (Fig. 433) is oharao- 


perty of the Perpendicular style. 

It is, however, true that the lancet arch is the form that most 
oomme^y occurs in the windows of this period, and siluost 
every Early English bnilding presents examples of either single, 
doable, or triple lancets. But however frequently this form may 
have bran chosen as the favourite arch for windows, it is certain 


toristic of the Norman period. Although, however, it is certain that a much wider range was allowed for doarways, pier-arches, 

■ e • vs a« WW 1___ il. 1. I_S SX m A o •xa^^.A S «1 AAB 




that pneroUy tho Norman arches were of this form, it is equally 
certain that they wore not so 

nnivor.sally. A form is fre- - 

qnently found in which tho ^ f \ 

spring of the arch does not / 433 \ / * 

take place from the abacus or I \ \ _ 

upper member of tho capital, -—\ 

but at some distance above it. 

An arch of this kind is said to 
bo stilted (Fig. 434). 

Tliere can bo no doubt that n. / 

this form of arch was not so / \ /' 

much a matter of taste as of Z /c ‘ 

necessity. It is evident that f \ / 

tho arches were stilted to admit / \ / ) 

of construe king tho vaulted roof '''.,1 / y'' 

according to the simple method c 3^ -- - ’'o / 

then known; one essential * ^ _* . 

feature of which required tho ' 

four arches of the vault to bo A •' ! ^ 

of tho same height. Stilted 413 / \ /' 

arches sometimes approach tho y/ 

)u>rseshoc form (Pig. 435), in /_ _ 

which tho centre is above tho / / \ 

springing. It is probable, how- ( \ 

over, that this form is seldom (___._L 

intentional, but the rc.sult of 
imperfect construction. 

Pointed arches ore either— \ / 

1. Tholonccforch(Fig.436), i''. \/ \ 

described about an acute- t.-1 

angled triangle, ABC, tho ; /\ \ 

radius (c d) being longer than 441 i / \ ] X 

the width of tho arch (a b). i;'_-i / 

2. The egaila/ernl arch (Fig. ' 

437), dosoribed from two ocn- X' y'^ 

tros (a, b), which form the y4 ^ ( 

oxtremitics of the span of the A \ 

arch, which is thus desoribed AJtV' \VplA ( 

about on equilateral triangle, jX^ / 4'''''-A\T\ \ 

«< 3 - X'- f 

3. Tho drop arch (Fig. 438), 
whiohhasaradins (a b) shorter 
than tho span of the arch, 

and is thus described about on 440 

obtuse-angled triangle (c n o). 

All these pointed arches may 

ho of the nature ,of segmental Figs. 433-447. —vabk 

arches (Fig. 439); that is, hav¬ 
ing their centres below their springing, as shown in the figure. 

Mixed arches consist of— 

1. The three-centre (Fig. 440), which may be called semi-ellip- 
tioal, since they are oonstmetod on tho principle used in drawing 


and arcades; it is not unoommon even to meet with instances 

_ _of tho somi-cixoular oroh in 

y^ doorways of undoubted Early 

\ / \ Englisli date. 

434 \ \ ^0 space inoluded between 

I___ I I tbe arch and a rectangle 

I___ j formed at tho outside of it, is 

called a spandril (Fig. 443). 
This is often filled with charao- 
: teristio ornamentation, which 

'N. D will bo described in due oonrao. 

We must now speak of an- 
37 \ y^ other class of arches, the intro- 

\ / 433 \ duction of which is generally 

\ A''.. -'''A rofeired to the Early English 

\ / \ period— Yiz.,foUcdaad/oliattd 

\ t. —a -o--I arches. 

-^ o A B ^ /tilled arch is formed by 

_ uniting three or more small 

arches together, each springing 
from tho adjacent ones, the 

f—V._X_Ji:'._J result buin^ called a trefoiled, 

—•-'I—.\ '. cinque-foiled, etc., according 

''--..iv..—as three, five, or more arches 
' \440 are united in its formation. 

- Thus Fig. 444 is a trefoiled 

4 44 arch, and Fig. 445 a cinque- 

/ \ foiled arch. 

_ ^ foliated arch is a foiled 

arch placed within a simple 
Aj/ arch, us in the following two 

143 / ytX "A figures. Tho arch in Fig. 44G 

I--' '•■■[ is said to be trefoliated, and 

r that in Fig. 447 to bo dngue- 

^ ' foliated. 

yX^^\. This dLstinction was first 

^ ]s. pointed out by Professor Willis, 

i—. L\ It is of considerable import- 

A r Y anee, since it appears that tho 

i A A foiled arch was introduced at 

S. Y ^ au earlier poiiod than the foli¬ 

ated—^tho latter being a fuller 

. - development of the former. 

Foiled arches of a very rude 
431 447 description ore occasionally 

• found even in late Norman 

work, and appear to have been 
0B FOBUS OF Abchfs. introduced cither immediately 

before or simaltanecusly with 
the pointed arch; for in a window at Cambridge there may 
be seen two foiled lights gathered under a semi-cixoalax head. 
On the Continent this introduction srams to have token place 
rather earlier; but in our own country we have very few 


yX^ A Vi 


/ 1 

. 


Figs. 433-447.—VAB 1 O 0 B fobus of Abchfs. 


the ellipse (or rather the figure approximating to it, since uotj instances of foiled arches before the oommenoemout of tiio 
portion of a true ellipse is really a port of a cirole). This thirteenth century. * ‘ 


method has boon shown in lessons on “ Fmcticol Geometry appUed 
to Linear Drawing,” and its adaptation in tlie present instonoe 
will be soon from the figure. 


Tho foliated arch was at first treated as an indopendont' oon- 
struotion; it was formed of soparate voussoirs, and had its own 
subshofta to support tjlom. In such arches the entire foliation 


2. Tho/bur-centred, or Tudor arch (Fig. 441), which has tvro of might bo removed without affecting the arch enclosing it. 


its oeatres in or near the spring, and tho two others far below it. 

S. Tbe ogee, or contrasted acoh (Fig. 442), which may be token 
ns oharaeteristie of the Decorated period. This form of arch 
has four centres; two in or Sear the spring, and two above it 
nnd reversed. 

It has been usual to oonneot the*pointad or luncoV. arch as the 
nhoRMiteristio feature of the Early English period. 'Mr. Bickman 


independence of tiie arch and its foliations bocamo less and less 
frequent as the stylo advanced, and nltimately tho foliations 
wore reduced to mere oxoroseenoes, growing, ns it were, out of 
the enclosing oroh. It is in this form alone that they aro found 
iu the Di^oratod and Perpondioulor styles. 

Foliated arches ore sometimes called feathered, Tlio points 
whore the foUations of ardhes meet are called cusps. 


von. III. 
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TH* SOIMAS ARCHES, MOTTIDISO?, CHEMISTRY OF THE FliNE ARTS.—11. 

Tba Hora^B style is olosdy allied io Hie debased Bdman By PrirfeMor CsoacB,Boyal A^rioahwilCoUsBe^Oteaiiosste 
examplea of the Easten atid Western Empires, and may be Fiomirrs: Tsusyw oobbb, chbokb tbiiIiOw, 

oonsideied as a Bub^Tision of the BomaneaciQe. ’OOBAi/r TBUiOW, CADiirdK tbuiOW—-exo riavEirrs : 

This style fionrished principally and primarily in Normandy, ' vaBKiuoM, bsd lxad, yxhbtiab kbd, iiADsns akd 
and hence its name. Itbeoame, however, preralent in‘conntriea coohinbal beds—blub naKSMTS; coiBCUSuic, cobaat 

where the Normans obtained inflnenoe, and, amongst others, in natitb abb Akiibicial ultbaxabinb, nroiao, 

England. fbubbian blub— asBEB FiuuBirrs: bhbbald pBXBii, 

The exact date of Its introduction into this has been vbemobib, vibidian—bbown and black PtoiiBNtB. 
much disputed. Some hi^xhms affirm that it was but a de- Tubnino our attention to yellow pigments, we may first notioe 
yelopment of the prenously existing Saxon; others, that it was yellowochre, a permanent but somewhat dull colour, whiohooonra 
introdnced by Edward the Confcseor; whilst a third party main- in nature of several tones and hues, and may be made to yield 
tain that it was bronght over by William the Conqueror. fresh modifications by heat, ohemic^ treatment, or admixtoio. 

It IS, however, certain that the style became fully developed This pigmentswas used by the ancient Greeks, and by the Boman 
soon after the Conquest, and xt may be said to have prevailed artiste, .being fibundantly found in the remuns of mural 
from the middle of the eleventh to the latter part of tho twelfth decorations at Pompeii, and having been obsm^ed in similar 
century, or to the close of the reign of Henry II. It is styled cironnastanoes at Boman stations in England. When pure it is 
. generally the English styte of the twelfth century, and dates a combination of rust of iron and water, in chemical language 
from 1066 to 1170; or, if the Transition or sonu-Norman be a hydrated peroxide of iron, or ferrio hydrate. In 100 parts 
inolu^d, to 1200. the proportion of iron poroxido in the darker kinds of ochre 

“ The Conqueror and his countrymen,'’ says Mr. Nicholson, approaches 70 parts, but tho residue of the mineral is made 
“ wore groat builders, and tho monkish-chroniclers toll us that up of n^to proportions of many other ingredients besides 
after their arrival churches were erected in almost every village, water, jfho water essential to tho mineral is sometimoa as low 
and monosterioB were seen to arise in the towns and cities do- as 10 pqr cent, of its weight, and sometimes as high as 30. 
signed m the now stylo of orchitooture. From Doomsday Book Thoso Iffiids of yellow ochre which arc of the desired colour, 
we leom that the number of churches^ had increased to such an but contain as little water as possible, arc the most suitable for 
extent, that at tho time of its compilation there wore no less | use os pigments. This proportion of water may be at onoo 
than seventeen hundred in existonoo.” ascortainod, with sufficient accuracy, by heating ioo grains or 

Tho plans of the larger churches belonging to this period, such {less of the sample in a poroolain basin over a spirit-lamp, and 
as thoso of oathedrals and other ecolesiastioal establishments, noting what loss of weight the oohre thus sustains. When the 
are usually cruoiform, having a low, massive tewer at the inter- ochre has boon, mixed artificially with other substances, such as 
section of tho navo, choir, and transepts, the choir being fro- chalk or china-clay, of oonrso this experiment alone is not of 
qnently terminated with a semi-circular apse. much use. And it must bo noted that many natural ochres do 

Tho uslos o| tho nave .are frequently continued at tho side of contain calcium carbonate (carbonate of lime) or aldmininm 
tie choir, and round tbo apse; and in this ease the high altar silicate. These sabstanccs may be I'cooprniscd by heating the 
is situated between the easternmost piers, with a screen or ochre with a little strong hydroohlorio acid: if complete solution 
reredos at its bock stretching between &e piers. Thus a bo effected with effervosoenoo, the first named substanoo is 
space was left here behind the altar which was named the present; if a white and gelatinous residue bo observed after 
retro-altar, and this allowed of processions passing entirely boiling, then some substance similar to clay is contained in tho 
round tho church. ^ ^ ^ ochre. Ochre may bo reduced in tone by the admixture of any ■ 

In some instances tho choir is surrounded with cliapols, having white pigment; or it may be rendered darker and more red in 
likewise apsidal terminations. The aisles wore extremely narrow, j hue by roosting, or by treatment with a weak acid such oa 
sometimes not more than from four to six feet in width. The ' vinegar, or by the nso of these two last proocssos in succession, 
wostem fai^ades arc occasionally flanked by towers, but more Chrome yellows are of different tones, ranging from a polo 
frequently by only turrets or buttrossos. yellow, like that of sulphur, up to a deep orange-red. Of tho , 

The walls of buildings of this period were of immense thick- paler chrome yellows tho best is the barium chromate, which ; 
ness; but tho masonry was not ^ all cases solid, being com- j sometimes goes under the names of yellow ultramarine and { 
posed of two external walls or facings of “ ashlar" work (see 1 lemon-yellow, a term which is also applied to a lead chromate 
“ Drawing for Btonomasons"), having ihe intermediate space j mixed with lead carbonate and sulphate. The barium chromate i 
filled in with grouted rubble, gravel, flints, eto. Sumotimos, i is made by precipitating barium chloride with potassium ohro- i 
however, tho walls wore made up of solid rabble work, with | mate or biohromato. Solutions may be used or the two salts s 
quoins of ashlar. The joints of ashlar in early work are ox- may be finely ground, and then water added in small quantities • 
tremely wide, being frequently as much as an iuch in tliiuknoss. and tho grinding continued. This barium chromate may be 
Mauy walls of tho first description have failed from tho outward washed free from soluble salts, and forms a beautiful yellow 
pressure of tho core of loose material; and it is not an nnfre- pigment (os docs also aino chromate), not liable to change, like 
qnont ocenrronoo to soo a Norman wall considerably out of the tho common chrome yellows, which latter are compounds of 
perpendicular. Tho introduction of buttressos at Plater period lead, and therefore capable of being blackened, like white lead, 
led to a great improvement in the oonstriiction of waDs, adding by the action of sulphuretted hydrogen. However, from tiie 
lutorially to their efficiency and strongrth, while at the same brilliancy and purity of tbo yellow and orange colours afforded 
time it lessoned the consumption of materuJ. by the lead chromates, they ore extensively used in tile a-rts, aa 

Tho arches built by tho first Norman architects wore more or pigments and as dyes. The commoner chrome yellows are made i 
less of a semi-ciKular form, and of a very plain description, by treating 4 parts of lead sulphate or chloride with 1 part of/ 
When the wall in which they were constraoted was only of a red potassium chromate, but the finer preparations are obtained,^’ 
aaoderato tUoknesB, they generally consist^ of a single coorse by precipitating the lead acetate in solution. CSlay, plaster of 
of stone or “ voussolrs,” -the edges of which wore left square Boris, chalk, and many otiier white substances, ore used to an 
bo^ as already stated, the waDs wsre generally of vory great immense extent in adulterating chrome yellow, but the pure snb- 
thiokness, and when this was the case two, three, or more stance will be found to dissolve completely and without efferves- 
oonrses of vonSMira were' employed, each course receding from oenee, when boiled in dilate ifitrio acid. Though aoted upon ly 
tiie face of the ring of masonry ly which it was surround^. alkafies, and by sulphur compounds, the chromes too not affected 
In the early Norman p«dod tlto bUhops and abbots appear by these agents to any appreoioble extent when need in cti-poant- 
for the most port to have posaeUsed oonridexable shill in ariihi- big.espeeiaJDyjf they boro been properlyprepored fax'a dense oon- 
teoture. It is sold that no less tiian fifteen out of the twenty- dition, and ore not need os freshly-mote pi^pitatee. A etate- 
two English oatitedrals contain portions which are undoubtedly menthas been made tiiat "if an effi picture painted with chromes 
of Norman workmanship, the dder ports of the oathedrals of be Washed ^tii an slbiline soap, it is quite oettain that some of 
Oontertnuy, Durham, mnohester, Gloncester, Peterborough, the ohromates wiQ be dissolTed np." This statement ha« been 
Ety, Nonrich, linooln, and Oxford being all built in what is found to be dirootiy contradicted ly experiment, and it is, 
now oallsd the Norman style. therefore, incorrect to condemn the (ffiromes on thia score. The 
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nort pamaaaaat lead (dixomatea an thorn of iiaorao{ra oz rad 
, ocdoori thagr oontain a laigar proportion of laad 'tnan jthe paler 
aorta A fine abrome red nay be made by projeotbg 1 part of 
i diy yellow, lead ehromate into 5 parte of fiued nitre. The fluid 
' maaa ia poured oat, brcAon ap, gronnd, and waabed thoroughly 
: with water. More eoohomioal plfuia.depend upon the action of 
; alkoliea or powdered litharge, in the preaenoo of water, upon the 
' common yellow chrome. By modifying the temperature, atrongth 
1 of eolation, and duration of the oper^on, any tint of orange or 
' orange-red may be thua obtained. 

Cobalt yellow or atireolin ia of oompBcatively recent intro¬ 
duction, and waa, indeed, only diacovered in 1852. It containB 
cobalt, potaasium, and aome oxide of nitrogen,and ia often apoken 
of 08 a nitrite of the two metola juat named. When prepared 
by the addition of acetic acid and potaaaium ifltrito to a solution 
of oobalt nitrate, and then keeping the mixture in a worm place 
i for some time, it does not aaaume its beat cliaraoteriatica oa a 
I pigment, Wlaen, however, nitric oxide gaa is passed i^fco a 
f solution of oobalt nitrate, to which an amount of potash has 
/' been added juat sufficient to make it slightly alkaline, the 
pruduot ia of good quality. Or potassium nitrite and cobalt 
; nitrate, both in powder, may be heated with a little acetic 
' or nitric acid. .iUthough common aUreolui, or cobalt yellow, is 
blackened by hydrogen sulphide and somowbat acted upon by 
olkalioa, it may be safely used, when of proper density, both in 
water-colour and oil painting without fear of change. The only 
pigment which it appears to injure, at all events in oil-painting, 
is indigo, which tlien gradually loses its colour, perhaps owing 
to a reducing action of the aureolin, the substonoe known to 
ohomists as white or reduced indigo being formed. » 

Orpiment, or King's yellow, is a beantifnl but dangerous pig¬ 
ment : it was employed in ancient art though rarely; its Latin 
name, avri’pigmenUim, or golden paint, is soon in a oontraoted 
form in the word or^ntnent. This substanoe is a compound of 
ursonio and snlphur, which occurs in nature as a mineral, and 
may be made artificially. As it ia made, or may be made, by the 
action of sulphuretted hydrogen, that gaa doea not change its 
colour, but it ia itself bable to change the colour of white lead 
and aome other pigments. King’s yellow when pure is perfectly 
Tolatile on heating it on a piece of porcelain, and does not be¬ 
come paler or darker when warmed with dilnto hydrochlorio ooid. 

Cadmium yellow ia the sulphide of the moW, and posaesacs 
a most intense orango-yoDow colour. Though sold at a high 
price, the metal cadmium ia not really so ooatly as to prevent this 
splendid and permanent pigment from being much more largely 
employed than at present. It must be prepared and washed 
with great care if it ia to be used with white lead, and there 
Bcoms to be some reason to fear that oven then the sulphur in 
this compound is capable of effecting changes in load pi^ents 
with which it may be mixed. By varying the temperature and 
I strength of the cadmium chloride solution used in preparing 
this colour, or by making it in the dry way with a cadmium salt 
: wd on alkaline sulphide, or with cadmium bride and snlphur, 
''its tint may be varied from a rioh yellovf to an orange-red. 

Other mineral yellows are of less importataoe: among them are 
certain lead oxyohloridos and oxysulphatos; a basic lead anti- 
moniate called Naples yellow; and also lead arseniate and iodide. 
But two yellows of organic origin must not bo omitted here, 
since both of them are usefnl colonrs in water-colour painting. 
xPwrea or Indian yellow is the magnesium salt of a onrious aoid 
caUed the euxonthio. Its colour may bo greatly improved by dis- 
aatving the erudo Indian yellow of oommerco in boiling dilute 
hydrochlorio acid, after having washed it with hot water, 
filtering the aolution, and adding a little ammonia to the hot 
liquid. The yellow orystalline powder which will be found 
deposited from the liqi^ when it has remained twenty-four 
hours, will prove on grinding to have a richer oolour thim the 
original purree. Gamboge ia a rioh yellow pigment belonging 
to the gnm' reaina. Its essential oonstituent ia a brightly 
coloured yellow resin, which when in films has a hyaemth- 
xed eoloor, and u haaoiuble in water, but soluble in spirits of 
wine and in aliraBea. Good gamboge containa .70 per oent. of 
this ingredient. The pipe gamboge of Siam is the best kmA. 

.^onget red pigments we may first notioe vermilion, although 
it is bjr no means a perfectljy satisfactory pigmiont. Vermilion 
b the red variety of meroano sulphide, and oocnrs naturally as 
uie mineral cinnabar. It may be made artifioially b 3 ' subliming 
1 ffiie^black amoiphoua sulphide of mercury, which thereby under¬ 


goes a moleoulax, not a ohemioal ohnnge, and becomes crystalline 
and red; or it may be made by grinding sulphur and mercury 
or .hb oxide toget^ for a long while, and tiien warming the 
mudnte in the presence of some oanstio potash solution for many 
hours at a temperature of 45° to 50° Centigrade. 'When' any 
kind of WTOurio sulphide, black or red, is mixed with 1 ■pet cent, 
of sntimonioas sulphide, and snblinied, it yielda a product 
which may be turned into a splendid crimson-red vermffion by .. 
being finely gronnd and then digested repeatedly with liver of 
snlphur in B(dution, and then washed and digested with hydro- ' 
ohiorio acid; afterwards it is to bo washed with pure water and' 
dried. TLns prepared, the product is equal to the best Chinese 
vermilion. Adulterations in vernulion are numerous, but may 
bo easily dotoctod. Bod lead remains behind, as the yellow oxide, 
when the impnre vermilion is strongly boated. Bed ochres and 
burnt olays rthuain unchanged during this process. Bod resins, 
such os that known os dragon’s blood, may be removed from 
vennilion by warming it with strong spirits of wine. It is, 
however, found that tho saturation of ^oly-prepared and ground 
vennilion with a solution of this rod resin, and the subsequent 
drying of tho material, protects tUs pigment to some extent 
from that liability to-abocomo dull and, as it were, tarnished in 
this lapse of time, which so soriously dotroots from its value, 
when used with sizo, gum, etc., in distemper and wator-colonr 
pointing. As tho beauty of the tint of vermilion depends upon 
a nicely adjusted molecular state, it is not difficult to explain 
its pronenesH to change. 

Cinnabar or vermilion was known to the ancient artists. By 
Pliny and Vitruvius it is also colled mininm, which now signifies 
ted lead exclusively. Vennilion is derived from vermicuLus, a 
form of the word vermes, a worm; it was criginaify applied to 
the kennes, an insect, a species of coccus, found in the sonth of 
Europe, and yiel<ling a red dyo inferior to tmo oochinool. 

It is unnecessary to say much about red lead, which is on 
oxide of lead containing 3 atoms of lead and 4 of oxygen. It ia 
very heavy, and difficult to mix with other pigments, or to use 
safely in decoration or in painting. 

Venetian red and Indian red, and nnmerons other colours of 
similar hues, aro really nothing more than ferric oxide or peroxide 
of iron, more or less' puro. ’They aro oxcollcnt and permanent 
colonrs which have beon abundantly employed in painting from 
the earliest ages, and are found % long experience to merit 
entire confidence. Ruhrica is tho Latin name for rod ochre, of 
which that from the islo of Lemnos was most esteemed. All 
the fermginona I'eds which go nnder tho names of light red. 
Mars red, Mars violet, Venetian red, etc., are distingnished from 
the yellow and brown ochres by their greater pnriiy, and tho 
absence of watm* in oombination, although they may contain a 
small quantity of moisture derived from the atmosphere. One 
of the best of all thoso native iron reds m a remarkably rich 
and deep red hoimatito which goes in commerce nnder the name 
of Wluirton's hmmatito. It contains no loss than 94'7 percent, 
of pure ferric oxide. We have already mentioned tho methods 
by which ochres, whether yellow or red, may be changed in tint. 

We must dismiKB the vegetable and animal rods with a few 
words about tho must important of them, namely, thoso derived 
from madder and cochineal rcspoclivoli'. Tho colours from tho 
root of the madder plant, Rulia litictorum, aro more numerous 
when employed In dyeing than in painting. But if the range 
of the madder pigments is limited, their beauty and comparative 
stability render them indispensable to the artist. The madder 
lakes are propareil by precipitating the aqnoons extinct of 
madder or of its derivatives with salts of aluminium, or rnroly, 
with iron and tin compounds. 

Some of the residual matters obtained in the preparation of, 
the various maddor derivatives used in dyeing may bo made to 
yjeld, by exhaustion with boiling water, a liquor, from which 
alum or milk of lime preoipitatos beautiful pink or violet lakes.' 
A good method of preparing a madder lake from tlio root is to 
take 4 ports by weight of the root, and thoroughly exhaust them 
with repeated agitotian and pounding with small portionB of 
pure cold water. When all ecdonr that can. be thus extracted 
is removed, add 3 ounoea of alum in solution, and afterwards' 
enough solution of potassium carbonate to predpitato all tbo 
alumina present. The madder lake thus preoipitatod ia to be 
filtered off, washed, and dried. Lukes of different tints may bo 
made from tho oxhansted residue of the above operation by 
boiling it with water, and adding alum and an alkaline oarbenato 
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M above described. The oolouring matters of madder, vhioh 
exist in part only ready formed in the root, are known as aliaorine 
and pnrpnrino; the former of these has been lately made arti- 
floially from one of the ooal-tar produots, anthracene, and ih 
capable of yielding a fine series of colouring sobstanoeB when 
united with variouB oxides. Lakes may be prepared from almost 
all vegetable colouring matters by the process described above— 
yellow lake, for instance, from fustic, turmeric, annatto, quor- 
oitron, and the berries of certain species of Bhamnns. The 
cochineal lakes are rod, and are known as scarlet and crimson 
lakes, and as carmine. In order to prepare the lakes of cochineal, 
the dried insects, Coccus cacti, are exhausted with cold or hot 
water, and the clear extract precipitated with on alkaline car¬ 
bonate and alum. Carmine, on the other hand, is not a tme lake, 
bat is the colouring matter of the eoohineal mixed with a little 
albuminoid siibatanoo and fat, coagulated and' carried down 
together, by the addition, to tbo cochineal extract, of alum or 
cream of tarta^^ wr salt of sorrel, without an alkali. Pure 
carmine, unlike the lakes, is soluble in liquor ammoniso. The 
conwoner' cochineal colours are constantly adulterated with 
preparations of Brazil wood, etc., or else aro made from the ^ai- 
dues and inferior qualities of cochineal. From the researches of 
tWarren Be la Bue it has been ascertained that the true colonr- 
'ing principle of ooobincol is an acid, called cuooasio acid. And 
it is not improbable tliat some of the pure salts of this acid will 
tnm out to be the most permanent forms in which to employ the 
colouring matter of cochineal. 

Lakea and other preparations of loo, madder, and of Brazil 
wood (from India), were known to tiie mediaeval illuminators and 
artists. In a document of the reign of Edward III. a sinopro or 
oynople is spoken of, which seems to have been a madder lake. 

Blue pigments in ancient times appear to have boon very 
numerons. Ceeraleum, in later times azura or lazura, was the 
blue mineral known now as ohettsylite, a mixed carbonate and 
hydrate of oopper; in Pompeian art it was largely employed, os 
well as another blue, a smalt made by grinding a blue glass 
coloured either by copper or oobolt. “ludobros " or indigo from 
Bagdad is spoken of in an English document dated 1228, but it 
is oertaiu that similar blue vegetable preparations wore known 
to the ancients. Indigo has been found on Egyptian mummy 
cloths, and is mentioned by Fliny under the name of indieum. 
The modem cceruleum blue is a cobalt stannate, and contains, 
along with some silica and gypsum, 3 molecules of cobalt oxide 
to 4 of stnnnio oxide. It is an excellent and permanent blue 
vrith a slight gi'eenish shade, and retains its blue tml)| unlike 
cobalt and ultramarine, when seen by artificial light. 

, Cobalt blue, properly so oallod, is prepared ^ mixing a pure 
solution of a cobalt sidt with a solution of pnre almn, and pre¬ 
cipitating the mixture with an alkaline carbonate. The pre¬ 
cipitate, after thorongb washing, is strongly ignited, and forms 
a rich and permanent Jblue pigment. Other cobalt blnea are in 
use, but, with one exception, they are less permanent than that 
just mentioned. Smalt, essentially a cobalt and potassium 
sUioatc, is that exception. It is of^n called cobalt blue, but is 
not so perfeut iv culour ns the tme impound above deeoribed. 
It is a deep blue gloss, ground up into a [towder, an^ is perfectly 
unchangeable by time. It is made extensively in Saxony, by 
fusing roasted cobalt ore wym qnsitz and potassium carbonate. 

The magnifleent blue donved from tlie kipis-lazuli was and is 
highly esteemed as a pure and permanent pigment. Its pre- 
jiaration from the mineral is tedious and cosUy. So highly was 
the natural riltramarine valued by tho painters of the best period 
of Italian art, that before undertaking the-grinding of a native 
lump of the lapis they sometimes made rosge and offered specie^ 
prayers for the euooess of the work. Now, however, that chemists 
have succeeded in lirailmg the native piraent by a composition 
which is practically almost identical wim it in oompoe^dn, wo 
may obtain tlw magnificent blue oolopr atpiunsigniflcMt cost. 
China day, ■ddinm sulphate, .ohoreoal, and' jpoda are calcined 
together for some .hours in a dosed omoible, and the green moss 
tiitts obtained is, after grinding and addition of sulphur, once 
more i^itod: it then bec^wes bine. The blue colour of artifidial 
ultramiuine is readily msoharged by hydroeldoqc and ether 
acids. And it has been observed that when mixi^ irith white 
lead, as in painti% skiA, the mixed pigments often change from 
A pde bine to a lilao or grey hne, probably owing to tho aotion 
At some siilphar compou^ in ti>e ultramarine upon tho load. 

Indigo, A pigment derived from a colouiless compound existing 


in the JsaHs tineloria, Indigofcra tinetoria, and I. anU, besides 
aeveral other plants, differs from the pigments previously Studied 
in containing the element nitrogen. Commeroial indiga ocm- 
tains many imparities, and not more than 50 to 60 per cent, of 
the real oolouring matter. It may he pnrifled by reduoing it to 
the oondition of the oolourloss or white indigo, and then expoeing 
the eolation of that substanoe to the air, when a blue powder 
falls. Or the oommercial indigo may ha pounded and euooos- 
eively exhausted with cold water, dilute hydroohlorio acid, hot 
water, and aloohol. If plaster of Peris 2 parts, and Iteely 
powdered indigo 1 part, bo made into thin cakes, dried thoroughly, 
and then heated on an iron plate, pnre orystallisod indigo sub¬ 
limes, and may be scraped off tho cakes. Or the indigo may be 
'dt^olved in Nordhauscu or fuming oil of lUtrol, by which two 
(ft more complex acid bodim are produced, tho salts of which 
may bo employed os pigmoiite. Pure indigo dissolvos perfectly, 
without residue, in cold fuming oil of vitrol. It is soaroely 
neodssary to say that tho best and most trustworthy prepara¬ 
tions of indigo for painting are those which contain this enb- 
stanoe in the greatest parity. 

Frussian blue and TnmbuH^s blue are compounds of cyanogen 
and iron. Prussian blue is best formed by gradually ^ding a 
soluti*. a of yellow prussiate of potash, potassium ferrooyanido, 
to oxcoBB of ferric chloride, and thoroughly wasliiiig the pre¬ 
cipitate of Ib-ussian blue, after having digested it fur sumo time, 
with a fresh portion of forrio chloride. A similar blue may be 
made by precipitating ferrous sulphate with yellow prussiate, 
and oxidising the pale blue precipitate by exposure to tlie air, 
or by nitrio acid. All the blues of this class should bo thoroughly 
waiihed from soluble salts, especially if they arc to be used in 
oil-painting. Frussian bine, though destroyed by alkalies, resists 
the action of acids. If ground with its own weight of oxalic 
acid, it dissolves, forming a blue xsiste selublo in water. A soluble 
Prussian blue may bo made, but it is inferior to those alrcssly 
described. 

Amongst green pigments one of the most vivid is omorald 
green: it is, however, poisonous, as it contains both arsenic 
and oopper. It is also iiindmissibio in silicious painting, is 
darkened by sulphnrotte<l hydrogen readily, and is similaxly 
affected by some Sf-unples of ultramarine and of oadminm yellow. 
This emerald green, or Sohweinfurt green, }s a compound related 
at onoo to verdigris an^ to Soheole’s green, being a mixed aoetato 
and arsenite, while the latter, is a copper arseiiito. Verdigris 
itself is also used os a pigmeni; it is a basio cupper acetate, 
containing, when of good quality, about lialf its .weight of copper 
oxide. Besides Aerdigris ( Vert dc Ordee) tho anoients possessed 
many other g^n’^gments, such as tho copi'ior carbonate and 
hydrate known now, as malachite, and still,need in this way 
oooasionally; and also \giriou8 kinds of “green earth,’’torro 
verte, minerals oontaining iron protoxide and of a dull hue. 
But the modem invention ^ chrome .greens has displaced many 
of the older and inferior pigments. Wo refer, of oourso, to the 
true chrome greeifs, and not to the fugitive mixtures, sometimes 
so called, of chroi^e yellows with blue pigments. The older 
chromium greens consisted simply of the sesquioxide of that 
metal, and, while generally very d^l indeed, attained but rasely 
anything approaching a pure hue. These dry or anhydrous ohro- 
minm oxides, prepared by ignition of tike various salts of ohromio 
acid- vary much in qna^ty, the best being made by boating 
merodrouB chromate in a oloaed crucible till ail volatile matter 
has been driven off. But the hydrated ohrominm oxides ore of 
far finer and more translnoent hues than the dry. One of the 
best of these is CFuignot’s green, iniroduced into’this oonntry as 
viridion. . It 48 , in reality, a compound of chromium sesquioxide, 
water, and borAbio acid, containing about j of its weight of tho 
first-named Babstance, and is prepared by calcining together 
3 parts of i^s^liaed boraom acid and 1 aS potnasium bichro¬ 
mate. product is ground aiid washed, and oofistitates a 

splendid ud permanent pigment. When ammonium phosphate 
and potauiam bichromate ore heated together to 186° Cent., 
they yidoonother fine green, Amaudon’s green. 

It is soaroely neoessaiy to add anything oonoeniing brown 
a nd black pigm;pntB, beyond tke statement that tho former, 
such as ,amber or raw sienna, consist chiefly of ochres and of 
Togetabfe lakes a&eady described; while the latter are either 
penqanent preparations of carbon—as, for instance, lamp-black, 
In^afi ink, and ivory black —or else are organic products such as 
sepia, the stability (ff which seoretion is pretiy well assured ^om 
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the obeerraitioii that the ink-bag of foeml onttlo-flBh has 
been fowd to yield as excellent a sepia as that of the £f^a 
offieinaMa now living. Brown and blMk pigments containing 
bitumen are very troiaheroaa in nse, owing to the marked oSoots 
of temperatnre npon snob materials. 

We have not alluded as yet to any of the beautifnl “ aniline 
oolonra’' or "coal-tar colours,” now so extensively employed 
in dyeing, since, for the most part, they da not possess a 
sufficient degrree of pemanenoe to bo safely used in painting. 
Yet it ia possible that a few of these magnificent colouring 
matters, related to mauve, rosanilino, peonine, azulino, Man¬ 
chester yellow, emeraldine, etc., m^ hereafter be found capable 
of use in painting Experiment in this direction is greatly 
needed, yet it must be owned that there arc otlier difficulties 
besides that of want of permanence to bo surmounted. These 
colours are not usually soluble in any available solvent, nor do 
they show their hues when merely ground. So a white basis 
is generally necessary. Pure whitming may be used snocessfully 
for obtaining a violet tint with mauve, A strong hot alooholie 
tinotare of mauve ia to be poured upon warm and dry whitening, 
which is then dried and ground. The process is repeated till 
sufficient depth of tone is obtained. This method is merely hero 
suggested for a more xtended trial, and with other coal-tar 
pigments, sinoe the mauve pigment thus prepared has changed, 
though only to light extent, sinoe it was first used in 18G0. 


SANITARY ENGINEERING.—XII. 

VENTILATION. 

Few subjects have within the last few years attracted more 
pnblio attention than ventilation, or, as we may term it, the 
theory of supplving fresh wholesome air to crowded rooms, where 
either from the necessities of their occupation, when used for 
manufacturing purposes, or tho occidental ciroamstances of their 
public use for meetingB, etc., the consumption of wholesome 
atmospheric air is greater thoit the supply but there is the no 
less important question previously arising as to tho best method 
of ventilating or supplying fresh air to ordinary living rooms, 
BO as to ^oenre the maximum of comfort with the minimum of 
inoonveniouce. Wo do not propose to go very deeply into tho 
scientific aspects of the question : in our present paper we shall 
confine ourselves to ft general statement of what are tho general 
prinoiplcs to be observed, and a description of some of the best 
modem appliances for the purpose; while in some subsoqnent 
articles we may deal with the subject as applied to public build¬ 
ings with large audiences and others, whore a spooial class of 
difficulties luui to be dealt with— e.<j., Iiospftals, where, in addi¬ 
tion to the ordinary deterioration of the atmosphere by respira¬ 
tion, foul air and the seeds of absolute disease have to be 
encountered and remedied. 

In some previous papers on Warming, wo have described the 
way in which heat is m^o available to socitee, ^y means of water, 
a circulation; the first principle being that hdt water is lighter 
than odd, and will always rise through it to the surface ( and a 
wider and more extended application of the same prindlne— i.e., 
that hot air is lighter than oold, and will rise through it—is tho 
base of all efficient systems of ventilation, witli this differenoe, 
however, that the hot air is not available for return purposes, as 
in the case of hot water, but baa to got rid of, together with, 
in many coses, a considerable volume of comparative ft&purity 
arising from respiration and the proceeds of oombnstion. 

As a familiar illustration of the natural sfonseqnenoe of 
insufficient ventilation in o. <inary dwelling-houses, we may ven¬ 
ture to remind our i-eaders, many of whom have doubtless expert- 
oncod the offeot, that when by some accident it be<kimos neoessary* 
either to reach a book from a lofty sholf, or, for some necessary 
attention to a lamp, to climb into a position above the top of the 
door of an ordinary room, if tho window happen toi^ olosed, 
a sensation is at bnoe experienced as if a differehtraljaosplim 
were entered; there is a rise of teteporature of many ifi^fpees, and,' 
especially if ^e room is lighted by gas, a senso of dlsobmfoit firam 
the presence of vitiated air, the product of oombnstion, is Mt; if 
at the same time the door b«.Bet' ajar, a oondlo held at the top 
will indicate astrong oufvxvrd curtent of ftir, and when the same^ 
candle is held at.tim bottom a strong inward current, tliB top' 
of the room above the dots forming a sort of inverted reoeiver 
for the vitiated air of the apartment. We take a sinQde ease 


first, as an illustration of the difflonltieB to be dealt with, whidi 
are similar in most oases. 

In winter we suppose, of course, a fire in the room; this creates 
a ateong np-dranght in the chimney, and removes from the lower 
part of the room all vitiated air; bnt the modem method of stove 
construction brings the fire within a very short distance of the 
floor, and therefore this infinenoe con scarcely be sold to extend 
above tho level of the mantelpiece; from this level to alwnt, say, 
7 feet 6 inches high, the air of the room is under the control of the 
door; and above that level, when there is no means of opening a 
window, and no artificial moans of ventilation provided, tho air 
booomes, os we have said, a permanent hot-air bath. The tem¬ 
perature to be mainteiued in any ordinary sitting-room is of 
oonrso most variable, according to the habits of its inmates, and 
the warmth or othorwise of the external air. fibmw families ore 
oonstitntionall/ tender, and others, to uso a common phrase, 
cannot have too much fresh air; but oach and all, by attention 
to a fow simplo rules, can regulate the temperatore of their rooms 
to their own liking. 

Onr forefathers had never any trouble witA tho question of 
ventilation. Tho old system of wainsooting walls provided for 
the admission of air by innumerable orevioes, and for its exit in 
thd same way ; and if the iK)wer of the fire was sufficient to worm 
the room, nature did the rest; but hi our modem days our 
plastered ceilings and woUs effectually prevent any such spon¬ 
taneous result. 

Englishmen, as a rule, like fresh air, and Continental traveUers 
frequently complain of the closeness engendered by the radiating 
stoves in nse abroad, and often in railway carriages there is 
the greatest objection on the part of the “ natives ” to letting 
down a window: the reason for this we do not intend to assign; 
we simply state it as a well-known fact—they ore terribly afraid 
of draughts. At tho same time there is no more common cause 
of cold than an open window, or, os it is commonly called, sitting 
in a draught. 

We will now return to a simple statement of the objects 
to be obtained by ordinary domestic ventilation. The hot air at 
tho top of the room, as a usual rule, is impure, and has to be got 
rid of; and tho fresh air, which is tho oold external air, has to be 
admitted without creating snoh a draught fts may bo eiUior un¬ 
pleasant or injnrions. Tho obvious conclnsion is that the hot air 
must bo allowed to escape at the top of the room, and the fresh 
air must be admitted from the bottom; the intermediate action 
of the fire being always taken into aooount: as a general rule, a 
down draught from a ventilator in the upper i>art of the room is 
a mistake, and likely to be misohiovona. 

As a further homely illustration of these 
general principles, we may mention tho 
not uncommon case of a fire which will 
not draw when first lighted, and the 
chimney smokes: by opening a door or a 
window, or both as tlic case may be, tho 
requisite supply of fresh air is uhtaiuod, 
and everything goes on satisfactorily. 

The aotnal demand of a fire for a supply 
from the external air is well exemplified 
by an invention recently brought out, and 
which, we*bel!eve, is the subject of a 
patent. A flqo is constructed of terra-eotta, circular in tiie 
oontral opening, but enclosed in a ftqnore envelope, as wo may 
term it, &o spandrils at each comer being independent of the 
fine, but forming separate air-dnets, communicating with the 
atmosphere of the room: a section of this is shown in Fig. 1. It 
might be surmised that the hoot of the flue diffused through 
tho surrounding ducts-would eoase an upward current, and so 
dra'i^from the rocmi the air, especially from the upper portion : 
ft is, however, found in prootioe that exactly the converse 
result,takes place, and that the ordinary draught of the fire, 
when a room is in its normal state, is sufficient to bring a very 
marked down dranghit tArongh these anxilimy.flacs. In a pre¬ 
vious paper on heating by warm air, we alluded to a system by 
which the outer iron case of the stove, specially oonstruoted for 
the purpose, had a direct oommunioatiou, by means of a channel 
or pipe, with the external air, which was by this means introduced 
into the room at a higher temperatnre; and this is a system the 
adoption of which may be safely recommended. 

In any oaae, if the stote he not oonatmoted for the pmpoae, a 
■mull flue oommunioating with the outside of the building and 
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with openings provided oittier in the hearth, or in the jnrobs of j 
the chimney at the level of the fit'o, will be found a moat impor¬ 
tant assistance to a smoky chimney, and have a generally bene- 
ilouil effect upon the atmosphere of the room. An air-brick 
introdnood in the wall between floor and ceiling, and' small holes 
dispersed at intervals along the side of the room, will also assist 
in providing fresh air without creating a draught. Another 
plan is to introduce a panel of perforated sine in the lower 
panel, or oven the bottom rail of the door, a plan often adopted 
with advantage; and the skirting of the room, if of wood, may 
readily bo made available in a eimilar way. Provision being 
made for the admission of fresh air from below, which ehoold 
bo by email openings, so as to avoid the influx of each a body of 
air os would create a sensible draught, the next step is to 
provide for the removal of the vitiated end heated air above. 

Forhaps one of the best known and most generally adopted 
expedients for this purpose is Br. Arnott's ventilator: this is 
a small valve, generally about 9 inches long and about 6 inches 
high, opening into the room just below the ceiling level, and 
communicating with the chimney, emd is generally m^e of metal 
of ornamental character. In some recent improvements, however, 
light shoots of talc in metal frames have been adopted; the valve 
is hung from the bottom, and is provided with a small bolanoe 
weight adjustable by a serew; this should be so nicely set, that 
when the temi)eratnre of a room rises above a certain point, the 
valve should open and allow the vitiated air to escape up the 
ohimnoy, olosiug itself again by an automatio aoiaon when the 
bulanoo is restored j they are also provided with lines, which 



enable them to be permanently closed when not roqttired—(.e. 
when there is no fire—as they are entirely dependent for their 
action upon the draught of the ohimney. 

Another class of ventilator, commonly called Sheringham’s, is 
oonstmotod with a hopper, whioh is also controlled by a line, and 
when open falls forward into the room in the shape of a small 
quadrant (Fig. 3). The above figures will explain the com- 
parativo aotion 6f the two, Sheringham’s ventihitor being in¬ 
tended to oommunioate with the external air. 

The object of this latter oonstruotion is to-provent down 
draughts; but much depends upon the judgment exoroisod in 
its use, as should tho opening be allowed to be larger than is 
Buffiqieni to allow of tho exit of tho heated air, a volume of cold 
air will certainly rush in, and a down draught rosnlt. 

This will especially bo the ease should the adits provided 
for fresh air from tho lower part of the room bo insaffioiont to 
supply what we may oaU a free draught to the fire: the heated 
npwa^ ontront being onoo well established in tho flu& will 
certainly draw its supply from any available point, and ^onld 
the demand bo made upon the ventilator, a draught more or 
less direot from the opening to tho fire wiU be the Msult. 

One very mmple and ingenious plan we have seen adopted 
for introdnoing tficesh ahr at what we may ooil the intermediato 
level with aatisfaotory results. The bottom rail of tho ordinary 
window sash is mode, of doable thioknoss or depth, ^ the other 
proportions remaining the same, the effect being that the sash 
oan be lift^ from one inch and a half to two inidiM without 
admitting air at the level of tite sill; this affords a- means of 
ingress for cold air, or egfcess for hot, awxirding to oireamstanoes. 
Thu iuthod is explainra by the sk^b in Fig. 4. 

Another veiy eAeioiti and easily adopted expedient for pro¬ 


viding ventilation without direot draught, is by means of a tele- 
soopio tube of perforated sino (Fig. 5), wbioh may be affixed to any 
window when wanted, and removed when not required: as it oan 
bo adjusted to any length it will fit any window, and provides a 
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ready moans for the exit of hut air; it is made in two pieces 
wbioh slide one within the other. The upper sash has to be 
pulled down three or four inohos, the tube introduced between tlie 
bends, when the sash being simply pushed up against it holds it 
in its place. 

Mooro's ventilator is an arrangement for the admission of 
fresh air without loss of light (Pig. 6). One or more of the panes 
of glass of tho window, as the cose may require, ore ooonpied by 
strips of glass which overlap each other, and are hinged so as 
to ho opened at pleasure, while the louvro-Uke arrangement 
thoroughly exoludes the weather. By lines adjusted for these 
purposes, tho ventilators are thoroughly undor control, and the 
tempemtoro oan bo regulated with great niooiy. 

S^etimos, with a vie w to the same objeot, what is called a “ hit 
or miss" ventilator is adopted (Fig. 7); this form of ventUator 
is generally made oironlar, and consists of two plates of glass 
perforated with holes of any size, which exactly oorrospond with 
either, and have spaces between them of rather greater area 
than the openings themselves: by means of a pin and small 
handle, one of the plates of gloss is movable, the other being 
fixed. When so adjusted that the openiogs ooinoide, the full 
amount of ventilation is obtained; when tho contnuy is the 
case, the air is thoroughly ex- 
dnded. In the skptoh the ven¬ 
tilator is supposed to be closed, 
tho dark lines representing the 
openings in the one plate, and 
the dotted lines those in tho 
other: it will bo seen that by 
about one-eighth of a rovffiution 
the openings m the two plates 
are made to omnoide, and by an 
intermediate position a regnlated 
result may be obtained. 

In the oonsiarflotion of the cor¬ 
nice of an ordinary room, open¬ 
ings may be provided for ven¬ 
tilation idih good effeot, and 
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ornamental pentre-flowers may be ntilised for the same pnrpose, 
and there are also many other inventions of a similar ohanuster 
whioh onr space will not allow ns to notioS. Onr own view is 
that the general principle stated at tho oommenoement, the dis¬ 
tributed admission of fresh air at a low level, and the regnlated 
escape of heated air «t the upper level, the bslsaoe (ff oirmilation 
being maintained with judgment, wiQ be fonnd, witii the aid of 
tha many applianoee available for that purpose, the tme system 
of oomf^ in domestio ventilation. 
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SEATS OF INDUSTRY- -XIX. 

KXDDEBSIINSTEE. 

BT WILLIAM WATT WEBSTEB. 

The manufaiotaro of carpeta on a largo eoale ia an industry of 
comparatively recent origin. Till about the middle of the last 
oentury, the oonsumption of carpets in Great Britain was 
ozoeedi^ly trifling, and a very few generations ago they were 
only parti^y used even in the houses of the aristocracy and 
gentry. At the present time England and America are the 
only countries where carpets are in almost univeraal use, and, 
oonsequontly, whore their manufaeture has attained any eon- 
siderable importance. In 1735, carpet manufacturing was first 
introduced into Kidderminster, and from that date to this the 
name of the town has been intimately associated with the 
English carpet trade. 

Kidderminster is a municipal and parliamentary borough in 
the oouniy of Worcester, situated on the river Stour, about four 
miles above its junction with the Severn, ht a distance of 
fifteen miles to the north of Worcester, and 125 miles to the 
north-west of London. The town is bi^t on rising ground on 
the bonks (d the Stour, and was called Chiderminsler by the 
Sazans, Chid in British signifying a hill, and dvr, water. 
Little is known of the history of the place previous to the reign 


work took place; say 34 per cent, of a total reduction sinoe the 
termination of the war. Trade has suffered,” he adds, “not 
in the quantity produced, but in the decrease of profits." In 
the spring of 1821, the masters lowered tiie rate of wages from 
Is. to lOd. pet yard, and a strike ensued which lasted from 
March to August, enWting terrible disasters on the employes, 
great loss to the employers, and severe, permanent injury to the 
trade of the town. Previous to the strike, many of the weavers 
had little sums of money laid aside, and owned the cottages in 
which theifnived. Benefit clubs had also been established, and 
were in a prosperous condition. But when the struggle was 
over the great majority hod spent their savings, sold their 
property, pawned their furniture, while many hod migrated, and 
those who remained returned to their work listless and penni¬ 
less. Orders that had previously been executed in l^dder- 
minstor were sent to Scotland, and many of the weavers went 
there and found employment. The prolonged poverty the work¬ 
men endured is said to have exeroi^ a deteriorating influence 
on their character, and the Kidderminster weavers have never 
regained the position they hold before this strike. Although 
the masters won the day, they irrecoverably lost a consider¬ 
able portion of their trade, and their victory may be described 
in the Duke of Wellington’s words, as hardly less disastrous 
than a defeat would have been. 


of Henry TI., except that it was a royal manor. That sovereign The principal centres of carpet manufacture in England are, 
gave it to the Bassetts, from whom it passed to the Beauchamps, Kidderminster; Wilton, in Wiltshire; Axminster, in Devon- 
NeviUes, Cookseys, Blounts, Foleys, and to Waller the poet, shire; Yorkshire; and in Scotland, Kilmarnock, Edinburgh, and 
and it is now the property of the Earl of Dudley. In "the time Stirling. About ten years ago, the number of carpet looms in 
of Edward I. Kidderminster returned members to Parliament, Great Britain was estimated at about 4,000, and the yearly 
and in the beginning of the sixteenth century it was noted for produce at about JB1,000,000. In the year 1866, 7,600,511 
the manufacture of broadcloth. The earliest charter of ineor- yards of carpets and druggets, manufactured in the United 
poratiun that has been discovered dates from the twelfth year Kingdom, were exported, the total value being about ^1,217,682. 
of dmrles I., but it claims to be a borough by prescription. In The greater part of the carpets exported from Great Britain are 
the eighth year of George IV.’s reign Kidderminster obtained a sent to the United States of America. A few carpets of exquisito 
now charter for the aMiquisition of lands, and an increase in the patterns and colours are still imported into this country from 
number of magistrates, whiob had been limited by the previous Turkey and Persia, but tliey are now nearly equalled the best of 
charter to two. ■ The right of the borough to return members to the carpets produced at Axminster, at Wilton, and in Sootland. ■ 
Parliament which had lapsed through desuetude, was renewed The carpet known by the ♦'■■Tno of Kiddorminstor is still manu- 
by the Beform Bill of 1832, and since that date Kidderminster faotnrod in the town, but it iy now produced in much larger 
has sent one member to the House of Commons. Under the quantities in Scotland and in Yorkshire. It is the Brnssels tmd 
Municipal Act of 1835, the town was divided iuto throe wards, Wilton carpets, which ore composed of linen ud worsted, that 
and placed under the government of a mayor, six aldermen, and now oonstitnte the most important branches of the trade carried 
eighteen csuncillors. Kidderminster was oolobrated for its on in Kidderminster, but tapestry or Venetian carpets are also 
manufacture of worsted, or of worsted and silk goods, and made there in oonsiderable quantities. The manufaeture of the 
subsequently for bombazines, plushes, and poplins, before it out-pile or Wilton carpet was introduced into the town in 1749. 
became femons for its oarpets. Kidderminster has a high reputation for the exoellenoe of its 

About the year 1775, forty yosrs after the manufacture of carpet fabrics, the eleganeo of the designs, and the durability 
carpets had boon iutrodnoed into the town, there were in Kidder- and brilliancy of tlie colours. Various otoer kinds of woollen 
minster 1,700 silk and worsted looms, each employing one weaver, goods are mannfaotured in Kidderminster, and there aro several 
and 250 carpet looms, oaoh employing a man and a boy, the total extensive worsted spinning-mills in the town and the vicinity, 
number of persons employed in boto branches of manufacture Large quantities of finger-rings, damask silk goods (nsed in 
being about 5,000, By the year 1830 the number of silk and upholstery), silk coverings for buttons, and waistcoat pieces ace 
worsted looms was reduced to 700, while the number of carpet also made in Kidderminster, 'and it possssses icon-foundriee, 
looms had increased to about 1,000. In 1838, the hand-loom malting-houses, breweries, a paper mfil, wire-wtnrks, bridk-fields, 
wavers’ commissioner reported that therd were in Kidder- dye-works, and tanneries. 

minster in that year 2,021 carpet looms in operation, besides The town of Kidderminster oonsists principally of biubII, 
80 looms for bombazines, and abont 400 looms unemployed, humble hoiftes, and the streets are irregularly laid out, but 
From the parliamentary returns of mills and factories of the clean, well paved, and well lighted. Among the public buildings, 
same date wo leom that there were then in the town and neigh- the most noteworthy are the Town Hall, a large briok stmoturo 
bourhood six worsted mills employing a tots! of 622 hands, with police station and prison cells attached; and the Public 
1,765 looms for making Brussels oarpets, 210 looms for Scotch Booms and Corn Exchange, a noble pile completed in 1855, 
carpets, and 45 for Venetiai, carpets. The total number of per- oontainiug a Musio Hall, an Exchange, rooms for a Free Library, 
sons employed in the weaving trade at Kidderminster was at that a School of Design, a news-room, elass-rooms, etc. The parieh 
time stated to bo 1,905 men, 351 women, and 1,760 children; in chnroh, dedicated to St. Mary, is a spaoiouB edifice, with a square 
all, 4,016. In 1801, the population of ffidderminstor numbered ktower supported by massive buttressoe, crowned with decorated 
6,110; in 1811, 8,039; in 1821, 10,709; and in 1831, 14,981. battlements and pinnaoles, and containing a peal of eight bells. 
In 1851, the town contained 18,462 inhabitants, but by 1861 The building ia adorned with several ancient brasses and effigies— 
its popidation had deolined to 15,399, and at presunt, in 1871, one being that of a Crusader—and with monuments of members 
it is 20,800. of the Blount and Cooksey families, and one to the &ther of 

The band-loom weavers' commissioner, from whose report a Lord Somers. Over altar of St. George’s Chnroh, which 
quotation has already been mode, furnishes some interesting was erected in 1823, under the aanotion of the Commis^nere 
informa^n in reference to the reduetions that took place in the for Building New Cburohes and Chapels, at a ooM of abont 
wagM paid to Hie weavers of ^dderminster, during the twelve iB16,400, there is a beantilul speoimou of Kidderminster oai^t- 
yssn that preceded a great s&uggle between the workmen and weaving, representing the descent from the oross. The Baptists, 
their moators in 1828, whioh is toe most memorable event in toe Independents, toe Boman Catholic, the Wesleyans, too 
toe induatriol annala of toe town. “ I find,” he says, “ that in Primitive Methodists, and toe Unitariana have all in 

1816 wages were tednoed 17 per cent., and iilt 1828 a fnztoer Kidderminster. Biefaard Buter, the celebrated Nonoonformiet 
rodnotibn of 17 per cent., and even of 20 per cent, in oomber- divine, held toe living of Kidderminster until toe time of the 
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Bartmtion; ud nhvn the oorporation chest was opened in 
1888, it was found to contain, among other onrione relies and 
dooomente, a rety old edition of “ Baxter’s Saints' Best,” on 
tiie title-page of whioh was the foUowing inecription in the 
anthor’s handwriting:—“ This book beuw derot^ as to the 
serrioe of Hie Chnroh in general, so to ilie ohnroh at Keder- 
minster, Hie author desires Hiat Htis book may still bo kept in 
the onstodye of the high bayliffds, and entreateth them (»re- 
folly to r^ and praotise it, and beseecheth the Lord to bless 
it to their true reformation, oonsolaHon, and salration.—Biohard 
Baxter.” The Free Qxam):w School of Kidderminster, founded 
in the reign of CSiarles L, hasa raTenne of upwards of £&00 per 
annum. Clare’s Almshouse, founded by Sir Belph Clare in 
1670, and Blount’s Almshouse, founded by Sir Edward Blount 
in 1630, are the meat important obaritieB in the town. At 
Bonndhill, about half a n^e from Kidderminster, there is a 
ohalyfaeate spring, and there is another strongly impregnated at 
Sandbum. On Bnrlish Common there is a dropping weU, whioh 
was onoe celebrated for the oure of disorders (rf the eye. 


hnt the objeots with which we are to snironnd onrselTeB must 
likewise he beautiful; and unleBa they are beautiful, our deli- 
oacy of feeling and power to appreciate nature, wbidh is full ot 
beauties, will be impaired. A hook-bottle is a mere elongated 
bubble, wiHi the bottbm portion pressed in so Hiat it may stand, 
and the neck thickened by a rim of glass being plaoed anmnd it- 

Here we have a botHe shaped by natural agency; it is formed 
ot heavy glass, and the bubble wae thick at its lower part, hence 
He elongated form; but if length is required in any bubble, and 
Hie glees is even light, it can always be given by swinging the 
tabb]e round from a centre, so that oentrifngal force may be 
brought into play in the direction of its length; or if it hiw to 
be widened, this con as easily be done by giving to it a rotatory 
motion, whereby the centrifugal force is caused to act from the 
axis of the vos^ outwards, and not from the axiex to the base, 
Bs in the former instanoe. In either ease a certain amount of 
beauty would appear in the shape produced, for Nature here 
works for ns. 

Our wine-bottles are moulded, hence thmr ngliness. We 
work witheut Nature's assistance, and we reap ugliness as the 
reward. Let us now consider w^t a decantw should be. In 


PRINCIPLES OF DESIGN.—X;XIV. 

BT CHBISTOPUXB. DBKSBXB, PH.D., F.L.S., ETC. 

OLASS. 

Whxit speaking of earthenware, I insisted upon the desirability 
of using ovety material in the easiest and moet natural manner, 
and I illnstrated my meaning by saying that glass had a molten 
condition as well as a solid state, and that while in the molten 
condition it can be “ blown ” into forma of exquisite beauty. 
CHass-blowing is an operation of skill, and on operation in whioh 
natural laws oomo to our aid, and 1 cannot too strongly repeat 
my statement that every meiterial should be “work^” in '^e 
most simple and lotting manner; and I think that onr oon- 
siderstion of the formation of glass vessels will render the 
ssasonahleneBB of my demand apparent. 

' Let a portion of molten glass be gathered upon the end of a 
netal pipe, and blqwn into a babble while the pipe drops ver- 
Hoelfy from the mouth of the operator, and a flask is formed 
snob as is used for the conveyonoe of olive oil (Fig. 92); and 
what vessel oonld .be more bWmtifal than such a flask P Its 
grace of form is obvious; thqiddioato curvature of its sides, the 
geuHe swelling of the bulb, and the- beautifully rounded base, 
all msaifeet b^nty. 

Here wo get a vessel formed for us<almoBt wholly 1^ nature. 
It is Hw attracHon of gravitation whioh converts what wonld 
be a mere bubble, or teltow sphere ^ glass, into a graoefuUy 
elongated and delioately-shapsd flask. Ws may bo taken as a 
prinoiple, that whenever a materiel is oapable of being “ worked ’ ’ 
in a maimer whioh will so seonre Hie operation of natoxal laws 


many respects, the wants whioh a decanter is intended to meet 
u».i^ilwr to those whioh are met by the bottle, as just enume¬ 
rated, but here is a great difference—a bottle is only iniended 
to be filled onoe, whereas a decanter is intended to be filled 
many times; and a botHe is made so that it son travel, while a 
decanter is not intended to bo the subjeet of long journeys. It 
is true that a botHe may bo re-filled many Hmes, but it is not 
intended that it should, as the fact that we use a funnel when 
wo wish to fill it clearly shows, and without a funnel the vessel 
is not oomplote. All objeots when intended to be re-filled many 
times should have a funnel-shaped month (see my remarks on 
the Qreek water-vessel, Vol. II., page 376), but if a bottle hod a 
distended orifice it would not bo well adapted for transport. A 
decanter should have capacity for containing liquid; it should 
stand securely, and should have a double funnel—a funnel to 
colleot the fluid and oonduot it into the botHe, and a funnel to 
collect it and condnot it out of the botHe. It must also bo 
convenient to use and hold, and the upper funnel should be of 
such a character that it will guide the liquid in a proper direction 
when poured from the decanter. 

If we take a flask and flatten its base, and extend the upper 
portion of the neck slightly into the form of a funnet, wo have 
all that is required of a decanter, with the exception of a 
permanent oork, which is a stopper (Fig. 94). 

Bat as most decanters are intended to hold wine, the 
brilliancy of whioh is not readily apparent when Hiat portion of 
the vessel whidi oontains the liquid rests immediately upon the 
table, it is desirable to give to the vessel a foot, or, in other 
words, raise the body of the decanter so that light may Burround 


as to modify Hie shapes of the ohjocts into wliich it is formed, it as folly as possible (Figs. 05 and 96). 

it is very destiable that we avail ourselves of anoh a moons of In Figs. 97 to 108* I give a number of shapes of deoanters 
formation, foxJbhe opemtion of the mws of gravitation and similar and jugs, auoh as may be seen in our beat ahop-wiadows, and 
foroea upon plaaHo matter is oolonlatod to give beanty of form, anoh as I oonaider deauable forms for such vessels; and in 
llinie^olBy worked upon the potter’s wheel, it is shaped by considering the shape of snoh vossels, the. charaoter of the 
the opemtmr’a akiHr omd ia anffieiently stiff to retaip the shape upper porHon of the neok must be regarded, as well as that ot 
given to it to a very oonsiderable extent, yet the operation of the body and base. 

gravitation upon it, so long on it haa any ploatioity whatever, is Besides decanters and botHea, glass is formed into tumblers, 
oalonlated to seeuTo delicacy of form. This rule should ever wine-glasses, flower-holders, and many other things; but the 
be remembered by the axt-stndent—that a ourve is beantffnl prineiptss whioh we have already laid down will apply equally 
just as its origin la diffloidt to adeteot (aee Tol. I., page 279). to all, for if the objects formed reanlt from the easieat m^e 
In the formaHon of vma, ^tHea, etc., knowledge of ^a law working the material, and are anoh as perfecHy answer the end 
ia very important, and the operation of gravity upon hollow proposed by their formaHon, and are beautiful, nothing more 
ploaUo vesaels ie caloalated to f^ve to their onrves eubHety b* expected of them. 

(intrioBta beauty) eff riiaraoter. Having arranged Hiat the ^ Many objecta of fkney shape have been produced as mere. 
material Hiall be wiwked in the manner moat befitHng it* nature, feats of glasa-blowing, and with some of the efforts I aympatbiae. 
we must next oonaider what purpose the object to be formed ia ’Wherever the work produoed ia truly adapted to use, or where 
intended ionwrve. an artistio effect ia aohieved, the glasa-blower haa mj warm 


Take a oemmon hook-botUe (Bg. 93) and oonaider it. What 
ia wanted ia • vaa ad such aa wiU stand, in whioh wine can be 
aH«ed« It lunat have a atrong neok, so that a oork may be 
driven in without apHtting it, and must be formed of a material 
Hut ia not abaoebent. Olaea, as a material, admirably anawera 
the want, andHua botHe is oapable of storing wine; it will stand. 


sympathy, but if the effort ia made at the produoHon ot novelty 
merely, '&e result gained ia aura to be nnaatisfaetory. Mheh A 
the Venetian glaaa wiU illustrate these last remarks. 

Fig. 109 is a very excellent and piotureaqne spirit botHe; it 
is easy to hold, and quaint in I 9 pearanae.t Ftya. 110, 111, 
and 112 are Venetian glass veaaela, wrought entitely at Hie 


and haa • rim arotind Hie neok anoh aa gives to it strength. 
But, besideB sarving the requixeBieBte aan^, it ia both ea^ 
fesiMdsaid is beauWul. The designer mat be a uHlitarian, 
but he must be an artist also. We must have uaeful veeaels, 


* Beapeotias the ^plioation of hondlea to vasaeb I will apaak whan 
uotidiig aUvexaiBltbs' work. 

t In order that the natmea of this hottie he battw uadaratood, X 
give a aeotioa of it at a. , 
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fnnaOe noutli, and neither oat nor engraved—they are artistio, 
and of interoating appearance; while Fig. 113 is a work of 
Boman' glass, in whioh the upper distension is osefol if the 
liquid contains a sediment whi^ it is not desirable to pour out 
with the liquid. _ 

PAEMING AND FARMING ECONOMY.—VII. 

JBy FrofessorWataBTBon, Boyol Agricnltnral Collego, Ciroocostor. 
Foraoh or green crops are represented principally by a few 
familiar speoios, for the moat part belonging to the natural 
orders LeguminoaiB, Crueifera, and Graminew. There are 
besides these a oonsiderable number of plants grown to a 
limited extent whioh demand a passing notice, 

uaiTJCDTOirs vobaox flants. 

'The Totoh or tare {Vieia sativa) inoludes summer and winter 
vetehes : the first, a qniok-growing variei^, sown in the spring; 
the seoond, hardier, and sown in the autumn. Both are'es* 
tensively cultivated, and although suitable for all dassos of 
land, prefer those of a oaloareons oharaoter. Vetch cultivation 
commences immediately after harvest, and proceeds as follows : 
If the land is foul, it should be thin-ploughed or pared (i.o. culti¬ 
vated to the depth of about two inches), rolled, and harrowed ; 
the weeds should then be colleoted, burnt, and the ashes spread; 
twelve to fifteen single horse-loads of manure carted on to the 
land, spread, and ploughed in, with a moderately deep furrow. 
The earliest winter vetches arc planted towards the end of 
August; the second sowing takes place a month or six weeks 
later, and sometimos a third sowing is effected before winter. 
It is not advisable to plant this crop later than the 15th of 
November. The cultivation for spring vetohes is similar to the 
above. The work should have been aooomplished in the winter, 
so that the seed may bo sown os soon as a suitable opportunity 
presents itself in early spring. Consecutive sowings at intervals 
of a month may be persevered in nnlal the latter end of May. 
By this system aa excellent food for stock is provided from the 
beginning of May to the end of September, when turnips will be 
fully ready. f« use. Vetches are sown by the drill in rows 
eight inches apart, at the rate of 2D bushels of seed per acre, to 
which, in the case of winter vetohes, half a bushel of winter 
oats, rye, or, better still, beans, has been added to support the 
plants. The after cultivation consists in rolling, and hoeing, 
if nooessary. The crop is consumed on the ground by sheep, 
or out for horses and homed stock. For lambs, vetches can 
scarcely be used too young, but old sheep hod hojaes wiU thrive 
bettor upon them when the pods are filling with seed. They 
are ready for consumption when just coming into flower. 

F. sativa, is the only species estivated in this country. 

H. Heoz^and Professor Wilson dosoribe several other roecies 
as (1) the wdiite or Amerioan vetoh, also called the Camdian 
lentil, with white seeds and violet flowers; (2) the large-podded 
vetoh (Fesce d grot fruits) (V. mocrecavya); (3) the Hopetown 
or Scotch vetoh 'mth white liowen; (4) the Siberian vetoh 
(F. bienms ); (5) the tufted vetoh (y. 'Oraeea ); (6) the Bnssian 
vetch (F. villosa ); (7) the yellow-flowered vetch (F, lutea ); 
(8) wood vetch (F. sylvatica)-, <•) narrow-leaved vetoh (F. 
angusti'olia .); (10) Karbonne vetch (F. Narbonensis ); (11) saw- 
leaved vetch (F. terralifoKa), to which we may odd the Aus¬ 
tralian vetoh lately imported by the Messrs. Carter of London. 

Bed olover (TrifoUum pratmse) was introduced into this 
oonntey by Sir l^ohard Weston, Ambassador to the ^w 
Countries, in 1645. This plant thrives upon a largo variety of 
soils, but best upon caloareoas olays and loams. It is uni¬ 
versally onltivated alone, and as an ingredient of mixtures for 
pasture. It Usually follows a com crop after fallow or roots, 
and oocopiss the ground profitably for one year. It is sewn 
npon young barley or wheat in AptU wirii the drill or the brood¬ 
ed barrow, tUs former plan being the best, at the rat^ of 20 lb. 
per acre. The land should be C^bridge-roUed previously to 
sowing, and snbsaquently brush or chain harrowed. 

Bed olArer is Bahle to clover siokness, i.e. to fail upon land 
which hae frequently grovfn it. The reason of this is obsonre, 
but probably it is a defioient supply of plant-food. Applications 
of Une, liberal management, and intervals of eight years'between 
crops ai red riovor, are the best means for ensuring saocess. 
The young phmts may be lightly stodked with sheep in the 
antoim, but ell stock should be removed before frosty weather 


sets in. The crop may be mown or fed, and will yield about 
10 tons of green food, or 2i tons of exoolleut hay. 

Crimson or scarlet olover {TrifoUum incarnation) it on annual 
differing widely from the last speoies. The “ flowers ” of red 
olover are purple, globular, and sessile; while those of incar- 
natum are crimson, elongated, and supported on a stalk. There 
are two cultivated varietioB, the first soarlet, the second a light 
pink or French white. Crimson olover was introduced into 
France in 1791 by Prince Pro de Bnire, and into Berwickshire 
in 1821 by Sir John Sinclair. It is usually sown in the autumn 
upon com stubbles. The only cultivation necessary is to harrow 
the surface, sow the seed broadcast at the rate of 141b. per 
ame, and to roll or harrow it in. The orop is ant in May, and 
the land is then broken up for roots. This method of estiva¬ 
tion is suitable for free working and clean land only. 

White Dutch olover (T. repens) is useful in two-year old 
pastures when the rod olover hoe in a groat measure died out. 
It is never sown alone. 

Alsike or Swedish olover (T. hybridum) was originally bronght 
from Sweden by Mr. George Stephens of Edinburgh. The s^ 
thus introduced was planted by the Messrs. I^awson in Meadow- 
bonk Nursery, April 17, 1834. This plant grows vigorously, 
and is an important ingredient in mixtures for one, two, or 
threo yoars’ pasture. It is smtablo for moist, cold soils, and 
has been exceedingly luxuriant daring the past cold summer. 
It has white and pink flowers and a vigorous habit of growth. 
The seed is very small, and a oomparatively small quantity 
per acre, generally about 2 lb., mixed with others, is sufflcieut. 

Zigzag olover (T. medium ); hop trefoil (T. procumbene ); 
suckling clover (T. filiforme ); Egyptian olover (T. Atea- 
amdrinum ); Alpine red olover (T. a^estre), and T. clegans, a 
plant closely resembling Alsike clover, are among other oulti- 
vated species of this family, but the above four species are the 
only ones widely cultivated in Britain. 

Trefoil, “ Nonsuch,” black medick, or yellow olover (Medicago 
lupuUna), is a general favourite with farmers, and is either 
sown alone or mixed with other clovers and grasses. It usually 
follows barley and precedes wheat, and is sown upon the young 
oom in March or April at the rate of 18 lb. per acre. It is 
especially suitable for dry, chalky soils, and affords early sheep 
keep the succeeding spring. Luoemo (Medicago lupuUna) was 
well known to the ancients, and is extensively cultivated in all 
southern oouiitries. It was introduced into England in the 
seventeenth century, and into Lothian by the Earl of Haddington, 
and Mr. Ck>ckbum of Ormistou, between the years 1720 and 
1730 (Wilson). It succeeds best upon dry oaloareous soils, and 
improves in prodaotiveness for threo yoars after sowing,, and 
may bo profitably left in possession of the ground for from 
eight to ten years. It is sown npon clean, well-oultivated land 
in March, at the rate of 10 lb. per acre, in rows fifteen to 
eighteen inches apart, and the after cultivation oonsists in 
keeping the land clean by hoeing. 

M. maculata, spotted medick dr hedge-hog plant, and M. 
falcata, yellow lucerne, ake ^uaed occasionally os forage orops, 
although seldom or never seen in the agrionltnre of this oountry. 

Closely allied to the above trifoliate plants are the Meliloto, 
officinalis and lewcantha, and the bird’s-foot trefoil (Lotus 
comiculatus), used in mixtures for permanent pastures. 

Sainfoin (Onobrychis sativa) and its variety bifera are also 
imimitations from the Continent of Europe. Heusd informs us 
that sainfoin was introduoed into England in 1651, but does 
not say by whom. In the south-west of England, and especially 
on the Cotswold hUls, it is a favourite orop, and in other parts 
of this country it forms on ingredient in mixtures for two or 
tbfeo years' pasture. It affects dry hmestone soils, and resists 
long oontinuod drought saocessfuUy. On the Cot^olds it is 
drilled aoroBS the young barley at the rate of 3} to 4 bnshels 
of unmUled, or 50 to 60 lb. of milled seed per aore, the former 
being preferred. A small quantity of trefoil should be mixed 
with the sainfoin seed to assist in oooupying the ground the’ 
first year, when the sainfoin is somewhat feeUfe. Young sain¬ 
foin should be mown the first year, as grazing tends to cheek 
its development. After the ^t season it is stooked with 
sheep, and it remains in posseasion of the ground for eix or 
seven years. 

Gone (UUx Ewopatut), known also as furze and whin, is 
onltivatod with advsata;^ upon poor land. It is sown in 
Mareh or April at the rate of 3S to 40 lb. of seed per aore, in 
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loWB ten inches %pert, upon properly prepared grrotuid. The 
crop is ready the second autumn after sowing, and is out with 
a heavy hook, tied into bundles of about 20 lb. each, and stored. 
2,000 such bundles, or about eighteen tons per acre, is oon- 
eidered a good crop. The gorse requires to be broken in a 
Walsh’s bruiser, or upon a block by a mallet, before it is given 
to stock, and when so treated cattle and horses relish it. 

Kidney vetch (Anthyllis vulneraria) may be used on dry 
Bandy soils. It does not give a large yield, but is greedily 
eaten both by horses and cattle, and stan^ alike groat heat and 
drought (Lawson and Sons). 

GBUCIVEBOUS rORlOS CROPS. 

Bape (Bratiica campestris oVfer), the colza of the Continent, 
is widely cultivated. It is also called “ smooth-leaved summer 
rape," to distinguish it from roughdeaved winter rape " 
(Braasica Napus). Of these two species, the first has smooth, 
fleshy, glauoouB'tmted leaves, while the second has rougher 
loaves of a vivid green colour. This description of the leaf 
refers to the mature plant. The author has never seen the 
latter species cultivated in this country, but the former, also 
known os coleseed, is familiar to every farmer. This plant is 
probably a cultivated variety of the swede in which the de¬ 
velopment of the bulb has been sacrificed for the production of 
leaves and seeds. It is suitable for any sort of land, but 
Bucoeeds best upon peaty soils, as in Lincolnshiro, whore it 
produces a surprising amount of sheep-food. It in also a 
favotunte in aD sheep districts, where it is looked upon as a 
good introduction to turnips and winter food. It also enables 
the former of clay loiid to maintain sheep stock in Qie summer, 
although, from the miture of his land, debarred from extensive 
root cultivation. This crop may be sown early in May for con¬ 
sumption in July, and all through June, July, and August. It is 
oooasionally sown in seed-beds, and transplanted on to prepared 
stubbles in September, when it will yield a useful crop in early 
spring. The cultivation is precisely the same os for turnips, 
liape should be sown with tho drill at the rate of 4 to 5 lb. 
of seed per acre, in to\T-z about eighteen inches apart, and when 
the plants ore sufficiently advanced (sec Tnrnip Cultivation, Vol. 
II., p. 373) they sliould be singled, or at least tbiuned in the rows, 
leaving two or three plants together every eight or ten inches. 
The crop shonld be horse-hoed about a month after sowing, and 
should be harrowed several times. This treatment is said to 
greatly stimulate the growth of tho plants. They ore ready for 
use three months after sowing, and a maximum crop will main¬ 
tain 400 sheep per acre for one woc^, and may be worth from 
jB 3 to '.£4. Bape is generally eaten by sheep upon the land. 

■White mustard (Sin apis alba) is of comparatively recent 
introdnotion as a forage crop. It is much used when from 
drought or other causes there is a deficiency of winter food. 
Under such circumstanoss, as in 1808 and 1870, every endoavonr 
is mode to economise turnips in the autumn, and no sooner ore 
the stubbles cleared than they are oultivatad or ploughed, and 
sown with mustard, rape, or even late turnips. Mustard is 
singularly rapid in its growth, and under favourable conditiouB 
will be ready for folding six or seven weeks after sowing. One 
peek per aero is a sufficient seeding, and almost any description 
of soil will produce a crop. Mustard will not stand frosts, and 
must therefore bo oaten before winter. 

aEAMINAClOUS FOBAOE CHOPS. 

Wmter rye (Secale eei-eak) affords the earliest spring food 
after turnip “greens." It oeoupies a portion of the hmd in¬ 
tended for roots, and is followed by swedes or turnips. The 
cultivation for rye is the same as for vetches. Tho seed shouWl 
be drffled at the rate of 3^ bnsbols t>or acre, and seven inches 
apart about tho middle of September. It wil bo ready for 
folding in April, and while young it affords a wholesome but 
rather laxative food for sheep. It should be oemsumed before 
it shoots into ear, and dry food and mangel-wurzel are recom¬ 
mended to be eaten with it. St. John’s day rye is a varie^ of 
tho above which comes to maturity a fortnight later. Winter 
barley and winter oats may also be used as fora^ crops, and 
win ^ve a continuation of fbod after the lye is finished. 

Itatiaa rye-grass {LoUum Italieum) was first brought to 
this country by Mr. Thomson of Banohory, who obtained some 
seed at the agricultural show at Munich, about the year 1830. 
This was grown by the Messrs. Lawson, who subsequently in- 


trodnoed it to the agrionltural public. Italian rye-grass far 
surpasses the English species (£. perenne) in luxuriance, and is 
at once distingnisbod from it by its broader and more upright 
leaf, and by its awned seeds. It has been used for purposes of 
sewage irrijpition, and is bettor adapted for liquid manuring than 
any other crop. Fifty to seventy tons per acre of grass have 
in this way been obtained in a single season. In ordinary agri¬ 
culture it is either sown upon young barley in the same manner 
as “ seeds ” (see Botations, 'Vol. II., p. 261), or the land is speoially 
prepared by ploughing in manure upon a com stubble in the 
winter, cross onltivating in the spring, harrowing, and sewing 
four bushels of seed per aero with the bioadoast barrow, alter 
which the land is rolled or lightly harrowed. Ten tons of grass 
have been out six weeks after sowing, but such a result must be 
looked upon as exoeptional. Bye-grass affords several outringa 
in the season, and a dressing of nitrate of soda, guano, or liquid 
manure between e^ch outting will be repaid by a largely in¬ 
creased yield. 

Sehrasdor’s brome grass (Bromus Sehroederi), although pre¬ 
viously known in England, has of late years been brought pro¬ 
minently before the notice of ffiemers, as likely to super^e 
Italian rye-grass; but although giving a large bulk of forage, 
its cultivation does not inorease, as its prodnoo is neither so 
early nor so fine—such, at least, is tho opinion of the Messre. 
Lawson, 

The agricultural grasses include about fifty speoies. Even a 
few words upon each of them would extend the limitB of the 
preseut paper beyond all bounds. In order to at onoa convey 
an idea as to the speoies most uauaUy employed, and the pro¬ 
portions in which they are blended so as to form mixtures, we 
introduce a table from Messrs. Carter's oatalogne, in which 
suitalile mixtures are given for medium soils of aUuvial origin, 
oaleareouB charaoter and loamy obarooter;— , 
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In sowing grass seeds for permanent pasture oaro must be 
taken to have the land in good condition, and cleuu— 1 .«., free 
from weeds. They are most generally sown upon young barley 
or wheat, in April or early May. The surface must be rolled 
smooth, and the seeds will he bout distributed with a seed 
barrow, and brush-harrowed in. 
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Mixtam for one, two, or three years are xanoh aiiiq>ler, and 
are fortsed as follows:— 
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4 
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2 
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3 
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... 
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4 
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18 
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— pneiue 

9 
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... 
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2 
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2 

0 

2 

2 


Such mixtnree may be Taried to suit the peonliaritiee of soil 
and climate to an indefinite extent. Fasturee for alternate 
husbandry are sown as in the case of permanent pasture. 

Among other plants which are grown to a limited extent, 
or hare been recommended to the notice of farmers, are the 
followingBroom (Cyti$UB tcopcurius), very rarely used as an 
addition to sheep pastures; bnokwhoat (Polygonum fagopyrum), 
principally used for pheasant feeding; bnrnet (Poterium tan- 
guworba), sown to some extent on high chalky l^ds instead of 
olorer. Chicory (Ciclunium intybut) might be more extensively 
grown with adrantoge. Comfrey (Symphytum officmale) and 
priokly oomfrey^S. asperrimum) have recently received atten¬ 
tion as availabli^lantB for forage. Sparry (Spergula arvensix) 
is need on the Continent as a winter food for sheep, and is 
sown for this purpose on the stnbblos. Yarrow or Mill-foil 
(Achillea milUfoUum) is a good addition to mixture of pastures. 
Plantain (Plantago lanceolata) is similarly used, as is also 
field parsley (Petroeelinum sativum). White lupins (Lupinus 
altme) are occasionally sown on light sandy sods for forage, and 
for ploughing in as green manure. Chinese sugar-cane (Hohsus 
soeehoratiu) is cultivated a good deal in the south of France, 
and to a very limited extent in parts of the south of England. 
Numerous other plants have been suggested by sanguine agricul¬ 
turists and enterprising seedsmen, but restricted space compels 
ns to desist from further lengthening our list with names which 
exert so small an interest on the agriculture of our country. 


SHIP-BIJILBING.—HI. 

BT W. H. WHITB, 

Fellow of the Beyal School of Naval Architecture, and Memher of the 
Institution of Naval Architeota. 

ELBUXNTA^T BBMaBXB ON THX BTRENOTS AND S^TKAINB OF 
BHiPB (continued). 

Nxxt In'impQrtanee to longitudinal strains are thoBe tending 
to oauee altmtions in the transverse forma of ships, and some 
attention must bo given to them in order to understand their 
oanses and poekible effects. 

The transverse strains experienced a ship floating in etill 
water are not usually severe, and only become noteworthy 
when very heavy weights are concentrated upon, ai near, the 
sides of the vessel. In an iron-clad ship, for example, the 
weight of the armonr>platos secured to the sides is very groat; 
and if wo consider, say, the middle portion of the length, 
where the ship’s breadth is nearly at its maximum, it will be 
evident that there exists a condition of strain similaz to that 
shown in Fig. 2 (Vol. II., p, 401). The whole weight (w) of one 
side the ship will act downwards in a line (indicated by the 
arrow) farmer away from the centre of the ship than the line of 
action of tihe iiotBl buoyancy (w) of that side, supposing for the 
sake of simplicity the weight to eqnal the bnoyaaqr. Conse¬ 
quently a “ conple ’i is brought into action on each side of the 
ship, and its tendency is obvionsly to cause a change/>f form 
in the oroee-eeotion. Even in the most extreme oases, however, 
this beading moment eannot be of very large amount when the 
vessel » afloat { bat supposing her to take the ground, and to 
be Buppoited on her Imd only, it would be very much inoresAed, 
for the line of action of tiie upward pressure would t^ be 
removed to the Jniddle Une of the sldp, and be mnoh more 
dktsint from tiie line of notion of the vraight w. 
b addition to these vertioal fooes tending to obangee in the 


transveree form, it is neoeasaiy to oonsider thejiorizontol foroes, 
due to the pressure of the water on the sides of a ship afloat. 
The direct tendency of this pnesure on each side is obviously to 
bring the two sides of the vessel more closely together, ^ns 
produoing a change in form, which must be resided by the 
transverse strength of the hull. For a ship floating upright, 
or in an inclined position, in still water this pressure and its 
bending effect oan be found without much difficulty. 

These are merely statical strains, the ship in ea^ ease being 
supposed at rest, and consequently they cannot be compared in 
intemsity with the dynamical atrains incidental to rolling motions 
when the ehi^ .is at sea. Under these oiroumatances it is no 
means nnus^ to find ships, particularly wood ships, actually 
undergoing changes of transverse form, and in many oaaee the 
“ working " of the various parts has caused serious dimiage. Nor 
is this to be wondered at, considering that the vessel would move 
rapidly from side to aide, passing several times per minnte, it may 
be, from a position like t^t indicated in Fig. 3 (page 401) to one 
of as great inclination on the opposite side, and neoessarily having 
her motion checked and revered rapidly. Here again we meet 
with a case which foils aoonrato oalonlation of the intensity 
of the straining forces, and permits only of approximate esti¬ 
mates being made. Here also experience comes to the aid of 
the ship-builder, who has a knowledge of the accidents that 
have befallen ill-construotod vessels, and is thus enabled to 
provide sufficient strength in the ports most tried. 

For our present purpose it will enffioo to say that in resisting 
these strains the transverse sections of shipa (such as are illus¬ 
trated by Figs. 2 and 3) mnet act more or lore like hoop-shaped 
girders. The meet critical parts in such sections are obviously 
at the junctions of the beams and the frames (a, a and b, b, in 
Fig. 3), and near the turn of the bilges (c, c ); and observation 
confirms the nocosai'l^ for providing special strength thereat. 
The maintenance of transverse form is also much aided by 
efficient pillars being fitted in the hold and between the decke. 
Transverse bulkheads also help oonsiderably to this end, espe¬ 
cially in iron and composite ships, where their numbers are often 
so oensiderable as to practically prevent change of form in the 
transverse sense. 

Supposing provision to have been mode for both of these 
principal stralna—the longitudinal and the transverse—there 
still remains the oonsideration of local strains and the means of 
meeting thmn. Having already said something on this point, 
only a few remarka need be added in illustration of its import¬ 
ance. In many places weights are concentrated in short lengths 
of the ship, especially if she be a stoamor.- to support such 
weights, and to distribute the load over portions of tiie hull not 
directly beneath, or “in woke” of them, “bearers” most be 
fitted. Where the masts are to be supported “ stops ’’ have to 
be built, to bear and to distribute the downward “ thrust.” The 
deck-beams also must be made capable of bearing the weights to 
be put upon them; the requisite strength of bottom for taking 
the ground shonld be provided; and in many other instances the 
ship-builder has to exercise Bunilar caution. In short, this part 
of the work is of oonsiderablo importance, although subordinato 
to the main features of the oonstruotion, and as it is left more 
completely in the hands of the ship-bnildor, it demands the 
greater attention from him, in order to make special and indis¬ 
pensable arrangements contribute as much as possible to the 
struotaral etrength. 

To a very large extent this is also true of the minor details of 
the construction, and as a case in point we may refer to the 
bulkheads or partitions built in the holds of ships to subdivide 
the space according to the requirements for aooommodation 
and stowage. It is possible, and in weU-built shipe is aotually 
^e ease, to add oonaldexably to the vessel'e strength witikout 
using a much greater weight of material, by toning snob parti¬ 
tions into more or lees rigid girders, espeoially when they run 
longitudinally, as many of them do. For example, hs Bteam-ships 
there are often ooal-bnnkere at the sides, the interior boun¬ 
daries of which are formed of thin iron plating, which must bo 
stiffened to some extent in order to bear the Veight of the coal: 
by the simplest arrangement possible those iron bulkheads oan 
be oonvert^ into valuable stiffenery to the struotare of the ship 
at a part where considerable stren^ is required. It is needless 
to multiply illustrations, but ve must add that in iron ships this 
principle of utilising the partitione, etc. (fitted neoessarily and 
primarily for stowing the hold), as a means of galsiDg etruotoral 
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etreDftht can be beet applied; and there can be no donbt that 
at the preeent time there is oonaidetable eoope for improrement 
in this dhreotion. 

TBB COHPAlULTtrB FITNBBS OF WOOD AND IBON FOB 
BUIP-BUIDDINa. 

Closely allied to tho snbjeots we have jnst been oonaidering, 
stands the qnestion of the suitability of the materials commonly 
need by- the ship-bnilder, and tho facilities which they afford for 
oarryinff ont in practice the principles of construction that have 
been sketched. UnW fifty years a^ro there would, as wc have 
said, have been question of one material only, wood; but now 
iron occupies tho first place, and the fbllowiug remarks will 
probably throw some light upon the oausss of its rapi4 replace¬ 
ment of wood. It is not our intention here to describe tho 
yorious kinds of timber used in wood ships, or to distinguish 
between different qualities of iron; but rather to take for 
granted that in boih classes of ships the best materials pro- 
eurable are employed, and then to examine their relatire advan- 
togOB from a stmotural point of yiow. 

A merely oasual glance might load one to boheye that becanse 
iron is stronger than wood, it is also superior for ship-building: 
but this is by no means a complete view of tho question. The 
ahip-buiider has to consider not only tho strength, but also the 
weigiit of tho material he nscs ; and it is a matter of fact that, 
weight for weight, a solid bar or beam of wood of rectangular 
section is in some respects stronger than a similar bar of iron. 
The latter woui^ bear, say, a tensile strain of 20 or 22 tons to 
tho squora inch of sectional area, while tl:o wood would only 
boar 5 or 6 tons; bet on tho other hand the iron would weigh, ' 
say, 480 lb. to the cubic foot, while the wood would only weigh 
about 60 or 65 lb. This merely suporfioial view of the matter, 
therefore, will not do. 

Looking more closely into the charaoteristicsof wood and iron, 
one sees that there is a fundamental difference between tbe two 
matorials. Tho wood is neoessorily uaod in massive solid timbers, 
the seotionai forms of which are more or loss nearly rectangular ; 
whereas the iron ciin bo procured with an almost endless variety 
of sectional forms, and is but rarely used in masses having 
great thioknoss os well os breadth. Ifo simpler illustoation of 
our moaning could well be given than that in Fig. S, where three 
sections of beams are shown, two of iron, and one of wood 
(marked 3). The wood beam is of rectangular seotionai form, 
and almost necessarily so; but tbe iron beams are “ flanged ” in 
just the way that scienoo teaches to be the best possible form for 
resisting bending strains. The upper and lower ports of a bent 
beam are neoessarily subjoot to the greatest str^ns, while tho 
ports lying between them are com]iaratively unstrained. Con¬ 
sequently tho best form of section is that which throws a largo 
amount of material into “ flangos " at the upper and lower parts, 
leaving a thin wob between, as is done in tbe iron beams. No 
practical shipwright would for a moment dream of imitating 
this sectionc' form in wood beams, because the very nature of 
the material forbids tho attempt, and it could only lead to 
failure. Hence wo see that the first principle of ooDstruotion— 
viz., to dispose the material so that its amount shall be evory- 
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Fig. 5.— SECiious or BSANS. ],S, Iron; Wood. a 

whore proportioned to the strain it has to boar—can ho much 
more nearly fulfified in iron beams than in wood. 

YnuA has been shown to bo true in this simple case ie true 
also in very many otlior parts of a ship’s stmetu-e; for instonoe, 
in the ribs, whitfa are formed in an iron vessel of comparaiavely 
light angle-irons, whUo in a wood vessel they oousist of massive 
timbers. The grand result of this difference is that in using 
wood the builder is frequently compelled to placo a large weight 
of material in ports where it is not needed, imoanse he is 
resfaioted to tho solid seotionai form; whereas the iron can bo 
either rolled to whatever seotionai forms may appear desirable, or 
easily oombined in suoh a fashion as to arrive at those forms. 


Before Corfe great invention of rolling was introdnoed no such 
faoilitioa were available, and even plates of wrought iron were 
only proonred with diffioolty by hammering them ont; but when 
onee thus idea had taken a praotioal riiape, and the path was 
marked ont, progress became rapid. The strides made in this 
country in the manufaeturo of iron dnring the last twenty years 
have been partioularly noteworthy, and even in tho bust ten 
years advances have been mode wldch probably surpass aU that 
had been done previously. Armour plates 18 or 20 inches thick, 
weighing many tons, arc now product, and the skill thus mani¬ 
fested is applied in other directions with no less profit. Let 
us not forget, however, that all this progress has been rendered 
possible by an invention of tbo simplest obaraeter, made by a 



Fig. 6.—MODES OF COHBECTISa TIMBEBS OF FSAKSS. 


man without pretensions to great soientifio acquirements. Cort 
reaped no great reward, it is tmo, bat ho oonterred a lasting 
benefit of immunso value upon his country and the world at 
large, and his name should be held in honour. 

Passing on, we will next oompare tho connections of the 
various parts that can be made in wood and in iron ships, a 
Hubjeot of oonsiderable importance; and bore one cannot fail to 
remark the wonderful contrast between tho capabilities of the 
two materials. It has been pointed ont that the various 
longitudinal pieces in the hull of the ship ought to be capable 
of resisting both tensile and compressive straing, and this fact 
must be borne in mind here, seeing that it applies with more or 
less force to transverse framing also. In Figs. 6, 7, and 8 are 
represented a few of the principal methods of oonnooting 
adjooont pieces in tbo hull of a wood ship, and it will at once 
appear that no small amount of oaae and good workmanship are 
required t* carry some of them into practioe. Tho chief diffi¬ 
culty to bo overcome iu such oonneotioBa is obviously to make 
the joint capable of bearing a tensile strain, for a plain “butt ’* 
—^where tho ends of the adjacent pieces are cut off square and 
fitted together—will answer every purpose under a oomprosaive 
strain, since that tends simply to moke the joint closer. 

Taking the sketches in order, we first have throe modes of 
oonnooting the timbers of frames in wood ships. That marked 
1 shows what is termed a “ plain butt ” joint, the only connec¬ 
tion between the timbers being formed by the dowel d, whioh is 
a oylindiseal plug of hard wood driven tightly into holes out out 
of tho ends of the timbers. This connection obviously has little 
or no strength to resist strains tending to “ open ” the butt and 
separate the timbers; but in fairness it should be noticed that 
the transverse frames are not as a rule liable to severe strains 
having snob a tendon:^. The plan marked 2 shows two views of a 
“ plain” or “ piano” siarf, and needs no explanation beyond tho 
statement that tbo overlapping timber-ends are usually secured 
together by dowels iu tho bearing surfaces as well as by through- 
bolts, This plan is evidently poaseBsod of considerable i>ower 
for resisting tensile strains, and it is used in tho few parts of 
the framing where those stroinB may be expected to bo consider¬ 
able—for instance, in thp neighbourhood of the masts, where tho 
shrouds are scoured to the upper works of the ship. The plan 
marked 3 is now used only in bnilding merchant ships (instead 
of 1); c is a “ohook” of wood fitted into recesses (Nit in the 
timto-ends, and is secured to both by bolts or “ tree-nails ” 
(i.e. long wooden pegs), thus forming a sort of strap <jver tho 
butt, and giving some power ef resistance to tensile strams. In 
fact, in tho olden times of wood ship-bnildiug the mode of con¬ 
nection illnstmted by 3 was, iu principle, a very common one for 
seouriug pLeoes subjeot to oonsiderable tensile strains, only the 
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olwdkB mn toade mnoh longer, in ordmto-djiriiTibntB the faeteb* 
inge oret»larger area and give greater atmigth. We ehonld 
aM jpialfc the plain aoarf (2) la atiU Ter 7 largdp emi^yed in 
eonneeting pieces running longltadmaliy in erood diipa; for 
example, the keehion, and the sheU-pieoea underneath the ends 
d the deek'beama. 

The remaining examples of the oonneotiona used in wood ships 
see of a nunre elaborate ohaxaoter, gnd are used only in paurta 
where t^ greatest possible amount of resistanoe to tensile strains 
is required. The “ scarf with tabling” in Fig. 7 is shown in 
deration, plan, and section, and will be seen to constitute a 
strong ooimoction ; bnt it evidently necessitates great core and 
expense for workmanship. This scarf is, in fact, a plain 
sci^, plus the “tabling” (quirked t in the sketch); the latter 
oonsistiDg of raised tenons fitting into oorrospouding mortises, as 
is oleorly shown by the seotion at a, a. For one-haU the length 
of the Boarf the tenon is formed on one of the pieces, and 



Fig. 7.—Bciar WITH tabuso . 



Fig. 8.—BOOK BCJUir WITH X£TS. 



Fig. 9.— IBON PLilBS WITH lAr lOIHT. 



Fig. 10.—taos ruTi-s wm riusii jqiht, 


for the other half on the other; the mortises being sftaated, of 
oonrse, conversely in order to receive them. It will be noticed 
that the tenon is formed on the thinner half of the soarf in 
each piece, and that its breadth is about one>thml that of the 
pieces joined. This kind of scarf is used for the keels of wood 
ships, and being fastened by nnmorous bolts (six or eight in a 
lar^ ship), it forms a very strong connection. 

No less elaborate is the “hook<Bearf with keys” shown 
beneath it, a oonnection whkh is oommoaly used in putting to* 
gether the pieces of the beams in wood ships. When formed 
and fitted, wpdge-shaped iron keys (maiAed k, k) are driven into 
spaces left for this purpose at the shoulders of the “ hooked " 
Braces, snd &e scarf is thus tightened or “ sot up. ” Ihi this 
case also the Ccaif is fastened ^ means of several through- 
'boltc trae-imils, which have been ondttod in the sketch 
for the nike of ohamesq, , 

On a review of a^ these examples of the most approved eon- 
neotioas used in wood ddpi, it becomes obvious that great 
diffionlty has been experienoed in rendering them efiSeient, and 
tint a foir resistance to tensile strsina can only be seonr^ hi 
eUbotato find expensive joints. Taming to iron ships, an 


enMialy opposite state of things is found'? for in them the most 
. simple and inexpensive oonneotiona eon be made effioisat against 
tensile as well as compieesive strains. Two illustrations m tids 
are given in Figs. 9,10> the first showing a joint where the plates 
are “ lapped ” at the ends and riveted, and the second a joint 
where 'the plates are “butted,” and oonneoted by means of a 
“ butt-slxap.” One of these two simple plans is applied in almost 
case whore adjacent pieces have to be joined in on iron 
Sip: the only exeeptions being those where thick bats, suoh 
as are often used for keels in iron merobant ships, are oonneoted 
by means of plain scarfs fastened by through-rivets. 

Moreover, welding can be used to a oonsidoiable extent in 
ooxneotiiig -the parts of iron ships, if it is oonsidored desirable; 
and those parts thomaolves can be proonred in sizes and bent 
'to forma such as render fewer join'ts nooessary than are required 
in wood ships. For example, one “rib” or frame in a wood 
ship of any size is always made up of several pieces oonneoted 
together in one or other of the modes sho'wn in Mgs. 5,6, and 7 } 
and it is impossible to follow any othor oonrse, seeing that timbers 
of the sizes and oarvatnrea required for the frames oaimot be 
procured in groat lengths. On the other hand, it is a very 
common thing to find the angle-irons forming the frames of iron 
ships made in one length from keel to gunwale, and any amount 
of onivature required can bo given them. Or to take another 
illustration: instead of having the beams of a large vessel made 
up of two or three pieces connected by hooked scarfs, as is the 
case in wood ships, it is the common practice in iron ships either 
to have the beams rolled in one length, or else formed of pieces 
wridod or riveted together, the former plan being that which 
finds must favour now that the facilities for manufacturing iron 
of '&e sections required are so greatly increased. 
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STEKL (continiMd). 

BPTZOKT.EI8KN — BIESSKHER STKEI, — HEATON’S PROCESS- 

riECHANIOAI. PROPERTIES OP 8TEEI.—ECONOMICAI, TSES 
—INCREASE OP HAKE. 

More than once in the preceding papers on iron and ateol has 
the advantage of using manganese been tonohod upon; but 
this port of the subject would be incomplete were we to omit 
referring more particularly to spiegeleisen, which is a peculiar 
description of pig iron ma^ largely in Germany, and bearing a 
German name which translated into English means “ speonlar 
iron.” It is made from the spathose oarbonates which arc 
common in that country, and is highly crystaUino, showing large 
bright cleavage planes, which have given rise to its distinotive 
name. In chcniioal composition it is very different from any of 
the English pig irons which have boon previously spoken of, the 
following being the actual analysis of an ordinary sample:— 

Iron . , . 88'961 Nitrogen . , 1*900 

Carbon . . 5*440 Copper . . 0*106 

manganese . . 4'003 Tin . . . 0*U6 

Silicon . ... 0*179 

Here, then, wo have a pig iron rich both in oarbon and man¬ 
ganese, and very free from the noxious ingredients which have 
BO constantly followed us in the operations of iron-making. One 
of the principal reasons for their absence is that the spiegeleisen 
is smelted with charcoal, and not with ooke. 

The quantity of manganese, however, varies oonsidorably, and 
many specimens will give a muoh larger proportion than that 
^|Corded above. 

It Boarcely needs to be pointed out how convenient it 'ironld 
be to add some spiegeleisen in either of the operations described 
in the last article for maldi)g steel, as it wonld just supply the 
ingredients wanted for the purpose, and at the same 'time, by its 
freedom from impnritieB, reduce the rdative proportions of 
those objectionable ingredients in riie resulting , It,, is 

aooordingly largely 'used for suoh purposes. 

An alfoy of iron and monganeeSi celled forro-mangoneH^ is 
now prepared in Glasgow for the fecial use of the makers of 
steel, by reducing, upon the open hearih of a Siemens’ fumaoe, 
a mixture of 'the carbonate of manganese and oxide of iron ia 
presence of an excess eff oarbon by moans of a reduoing fiome. 
The fomaoe-bottom is of ground ooke, consolidated and l^ed up 
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in turn, of »lacg« orooiblet chare* ^ ^ sal^ of ixoa 
MiaiiM»g»B»**e,ihi<ilygroiuifl wad ttix*di*itihpavdwed charcoal 
or wtoyis. heated to nofaieBB fraeaveral hom. It fhre .boDom^a 
oonTerted into ametallio aponge, addoh . oontaina the cedneed 
metak from both the ingre^nta, asd which ia then nm down 
to a aolidbj raising the temperatnre to a white heat. TheallOT 
oontaina from 20 to 80 per oent. of manganete. A Gernum 
manofactitrer has anooeeded ia making an alloy whidi oontaine 
a very mnob larger proportion. 

We maet now turn our attention to what ie called the See- 
aemer prooess of making steel, in which either orade or refined 
pig is the article operated upon. The apparatus used is pre¬ 
cisely the same as that described under this name in Article XI. 
for puddling iron, and all that is necessary to produce steel is 
to stop the operation and pour out the limpid metal into the 
moulds after about ten minutes* boiling. By that time the 
carbon will not bo so far exhausted as to haro oonvorted the 
metal into a malleable iron. In practice, however, it is difficult 
to judge with sufficient exactitude when the deoarboniaation of 
the pig iron bos gone far enough; and there was always con¬ 
siderable uncertainty as to the qne^ty of the steel pruduoed, so 
for as the por-oontage of carbon is concerned. It has boon found 
more desirable, therefore, to let the operation take its course 
until the carbon is reduced to a minimum, and then to add a 
certain quantity of spiegeleiscn the analysis of which is known, 
and from which the per-oentage of carbon in the resulting steel 
can be ostimatod with sufficient ocouracy. 

Another process oasontially difierent from Bessemer’s, though 
perhaps partly suggested by his, is that called after its inventor, 
Mr. Heaton, and which has only recently been introduced. Kg 
iron is used, which is melted with coke in tbo ordinary way, in 
a common cupola furnace; from this it is drawn off into a ladle 
worked by a crane, and t^sferrod to the converter. This, of 
which Fig. 3 is a drawing, is a wrought-iron pot, lined vrith 
firo-brioks and refractory clay, which runs upon wheels, the 
chimney from the line A upwards being a fixture supported by the 
columns, B B. In the bottom, c, of the oonvertor is introduced j 
a charge of crude nitrate of so<la, one-tenth in weight of the 
iron to be opoiatod upon. Imuiodiatcly upon the soda is laid 
a perforated iron plate, which is firmly worked into the clay 
that forms the shoulders, l> D. The converter, with its contents, 
is wheeled under tbo open month of the chimney, and securely 
fixed in its place; and then the molten iron from the cupola is 
poured in at the hopper k, the door of wbioh is at once closed. 

For the first two minutes all is quiet; then some nitrons 
flames are seen to escape from the chimney; after the lapse of five 
or six minutes a violent doflagratiou ocouts, aoeomponied with 
a loud roaring noise, and a burst of biUliant yellow flame from 
the top of the funnel, showing that the reaction is at its height. 
This lasts for about five minutes, and then suddenly subsides. 
The whole operation is thou complete, the converter is removed, 
and the ooiitente poured out upon the floor, when chid water ia I 
thrown upon the metal to render it brittle. It is then broken I 
up into lumps, and re-heated, forged, and rolled; or the “ oako 
steel,” as the broken pieces after being shiagled ore called, is 
re-melted in crucibles with the addition of about per cent, of 
spiegeleiscn, and poured into ingot moulds, which produces a 
steel of superior quality. 

The following analyses, made by Professor Miller, of the pig 
iron used, the resulting crude steel, and tbo slag separated, will 
show that iho produot is essontially different from what would 
have been yielded under the Bessemer process; end that 
Heaton’s plan is applicable to irons containing large quantities 
of sulphur and phoephorus. 


■In eqmpsring the oonstitiieiit ehnaenta it wifi be seen that* 
gnat reduotion is made.hi:tii» oschoi^ nUaDn, enlidiur, ph^ 
phoms, and manganese esiating is the pig innu The analym 
of the slag wbioh was sepented gsEre*- 

Ssnd . . ■ ’ , ' . ; . . i7'3 

Silica ia eombiuaUon ; '. . . .6'! 

Fhosphoric acid , .k . . . « , ' 6*8 

* Sidpbarloaoid . . . t . I'l ; 

,Iron (a good deal cd it as metal) . . . It’d 

Soda sad liras ...... SS'l 

100-0 

The presence of calcium in the metal produced was duo to the 
use of lime at the time that Frofessor Millet made his analysis, 
but that has since been dispensed with, ^jrom the proportion 
of iron in the slag, it would apposx that there ie a considerable 
loss, but it must be borne in mind that 12‘6 per cent, in the 
slag would not amount to more than 3 per oent. in the pig iron 
used. Under the teste which will be described directly, this 
steel will compare most favourably with that made by the other 
processes. 

It must be borne in mind that though bearing the same name, 
and having snob a per-ceutago of carbon in combination with the 
iron as justifies the use of the term, the stool produced by all 
those various means is very different from that i^e in Sheffield 
by the cementation process. It supphii, however, a want 
which was becoming increasingly Mt, of Sometbing that should 
take an intermediate place between iron and the very expensive 
etoel. As such, its use is rapidly extending; and in order to 
show how it may be employed to advantage, we must refer to 
the elaborate series of experiments which have been made by 
Fairbeim of Manchester on the mechaniosl properties of steel. 

As a civil engineer, his object was to ascertain how far the 
oheaper kinds of steel especii^y were euited to the purposes of 
oonstmotion; and for this purpose it was necessary to determine 
its relative strength as compared with iron, and also whether it 
could be produced of sufficient uniformity of character to 
enable the builder to rely upon it. Upon tiiie latter point, a 
most essential one, hie final verdict is, that the homogeneity of 
its structure can be depended upon; and we may therefore 
proceed to consider the nature of the tests to which he sub¬ 
mitted the metal, 

Theec wore threefold. Each of the speoimenB were eubmitted 
to transverse, tensile, end. compressive strains; the firet of 
these being by far the most important. The appsratna used for 
this purpose is figured in. Figs. 4 end 3. It oonsisted of a 
frame, A, to which were bolted two iron brackets, B b, on which 
the steel bars to be tested were laid. The space between the 
brockets was exactly 4i^ feet. Immediately over the centre of 
the bar E, at a point equidistant between the supports, hung 
the scale n. which could be raised at pleasure from resting on 
the bar, by means of the wheel and screw c. Tlie weights were 
placed in tho scale, 56 pounds at a time; after each weight was 
laid on, the deflections wore taken, and then the screw c was 
turned so os to raise the scale and relieve the bar of its load, 
thus enabling the exi>erim'onter to ascertain the effect of the 
load upon the bar, and to register the permanent set. 

The gefioral results arrived at were, that in resistaniSe to a 
transverse strain the best of this doaoriptien of steel has nearly 
3| times the strength of a bar of wrought iron of the same 
dimeneionB; and comparing, therefore, the relative prioee of iron 
and steel, estimated at X7 and jB12 respeetavely, there would 
be a saving of 25 per cent, in using the more costly material. 
The second series of experiments showed that in respect of 



tenacity the steel was nearly double the strength; which, at the 
same prices, would also.leave a small balance in favour of this 
metal. 

The reaistanoe to oompreesion was found to be equal to about ^ 
U times that of extension, which suggested the oonolnsion that 
the most economical form ofi a steel bar undergoing transverse 
strain wouldT be a bar wxQi double flanges, having the area of 
the bottom flange about double that of the top oae. ^or tho 
sake of eompariaon, however, a steel girder of the ordinary form > 
was taken, the dimensions of which ore shown in the cross- 
section (Fig. 6); the length between tbo supports was 13‘9 feet. 
The steel was made on the Bessemer principle at the Barrow 
hesmatite works. The girder was loaded wi& 18 tons without 
breaking, but on adding 2 owt. more it broke by tension through 
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the a^le-iron (tf the bottom fleage, as shown in Fig. 7. This 
experiment, therefore, not only oorroborsted the oonolnaion 
pteriontOy artived at as to the best form of a steel girder; but 
Also showed the oomparatiTe strength of a steel one of the 
ordinary form, as a wionght>iron girder of the same dimensions 
wonld break on the appHoation of 11 tons 16 owt. 

It will bo readily inferred frmn these data that this desorip- 
tionpf steel is coming into competition with iron for the ordin^ 
purposes of constmotion; but there are one or two special 
applications which deserre notice. The first of these is, as rails. 


interior, for the purpose of e^oring inland seas, steel being 
the lightest oonvenient material which would not be affected 
the climate. Its lightness, as compared with iron, is, however, 
of equal advantage to the general shipowner, as the displacement 
of a ship in the water is proportimud to her weight; so that 
apcording to the number of tons saved in 'Qie constmotion of the 
vessel, she will be capable of oartring so many more tons of 
cargo at the same draught of wdter, and thus earn a larger 
amount of freight. Besides this there are many rivers and 
harbours both here and abroad, such as Newhaven and Dieppe, 



'Where there is a very large'traffie, the wear and tear of the best 
wroSght-iron railway bars is very great, involving the cost, 
inconvenience^ and danger to the workmen, of frequently 
turning and rejfiaoing thorn. In process of time they split, ai^ 
large pieoee peel off, until they are no longer safe. By m a kin g 
the rails of oast sto^ however, the tendency to split is obviated, 
and the metal is so bard that the wearing bjr simple abrasion 
is reduced to a minium. In those portions especially of a 
railway where the paanng of trains to and fro is very oonstont, 
the use of these rails is to be recommended on the score of 
economy, indopendeni^ of the other great odrantagea above 
named. 

Then there is the application of steel to ship-bnilding purposes. 
Boats made (ff steel have frequently been taken ovmrland in 
s ection s by tnv^ers, and the pieces riveted together in the 


which can only be entered 1^ vessels of light draught, or at 
^certain states of the tide; and into many of these a steel-built 
vessri ooidd enter at any time, while an iron one of precisely 
the came size, and built on the same lines, wonld have to wait 
outside for ihe rise of the water. Those only who have expe¬ 
rienced the inoonvenience of waiting outside a harbour for the 
rise of the tide, in bad weather, wiU be able to appreciate this 
advantage at its full Value. 

Although, therefore, this manufacture is of oomparatively 
recent introduction, wo need not be surprised tp find it rapidly 
growing into favour; that many of tite fast steamers round our 
coasts are already Wit of steel; and that there are works 
specially devoted to the manufacture of this artiolc, such as that 
at Barrow, whmre 60,000 tons of steel rails, tires, plates, eto., 
are tamed out annually. 
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FISH CFLT1JRE.--II. 

BT OBXTIUUI I'llintXtjK 

BABBT WBIT1SS8 OB BIBB OXriiTBSa^rBBBS-WATBB BIBB 
BABMIBa — OAOBXa OB STBBIliITT OB BBXBB-WATBB 
BCBBABB —BBOBBOnOB OB BlBHBBlilB AT KOKB ABB 
ABBOAD. 

Uabz Borka wera writtes dtbring the aarlier timBs in reference 
to flak onlture, for then, dnzinj' tke predominance of the Boman 
(hiibollo religion, floh was a 
necoBBory article of diet, and 
every bit of water, nati^ or 
artificial, was at a premium, 
and in consequence made the 
most of by systematio if not 
etientifio trMtment. The 
Honourable Boger North’s 
work, imblished in 1718, is 
notably a g^reat authority on 
this subject. He desoants 
npon the situation and dis* 
position of the principal 
waters, of tiio manner of the 
making and raising pond- 
heads, their dimensions, and 
how to seenzo their banka; 
of sluices, of auxiliary waters, 

Btews, moats to lay the grroat 
waters dry, of the breeding of 
fish and stocking waters, of 
feeding fish, etc. But as this 
and similar diaconrses were 
written at a period when 
water, as we have said, was 
extremely oovetod, and not 
as now loft to take core 
itself, wo need not do more 
than make a passing remark 
on these authors, itogor North writes, " The string of ponds 
in Hyde Park ore admirably disposed in this respect,” which 
tells us that the Serpentine was not formerly, as now, a con¬ 
tinuous sheet of water. He is on advocate for moats, cdthongh 
he thinks they kill more iniiabitants than they serve to protect, 
'* the stench and filth from them when laid dry being insupport¬ 
able.” He says, “ Now as for your stews, the caro of feeding is 


day ifl s u fll ei ea t; and to feed morning and evening is better 
tiian onoe a day only.” But who thinte of feeding their carp 
now, nnless it is tlum who are supported by volnntazy oontri- 
butions in the marble basins of Hampton ^nrt f The profit 
would be still ^ same if not greatsr than in former years, and 
there ie an obvions tendency to retnm to a prootioe which gave 
those oonunezoial advantages which weter-osmere formerly de¬ 
rived &om jndioionsly improving the breed and breeding of 
freah-woter fish, and the large amount of good they did to the 

oommnnity by tiie great quan¬ 
tity of wholesome food they 
brought into the markets of 
both town and oonntiy. Jews 
ore at present the principal 
purohosere of fresh-water fish, 
and they are not indifferent 
to their cnltnre, and would 
doubtless assist in supporting 
any weU-artonged system for 
their increase and constant 
snpply. 

^e pursuit of fish fanning 
is, however, not quite extinct 
in thie country, olthou^ we 
question whether the stock 
is not in general left to itself 
to inoreoso and to multiply 
and find its own food, ^e 
lost which wo glean of the 
custom is from G. A. Ckmke, 
who speaks of the numerous 
fish ponds in Sussex as baing 
of considerable consequence. 
“ The ponds,” says he, “ in 
the Roalds are innumerable. 
The miU-ponds also raise 
large quantitiee of fish; they 
are an object of sale. A 
Mr. Fenn of London was onoe the solo monopoliaer of all the 
fish sold in Sussex. Carp is the chief stock, but tench, porch, 
eels, and pike are raised. Mr. MUward has drawn carp from 
his marl-pits, 25 lb. a brace, and two inobes of fat npon them, 
as he fed them with peas. The nsual season for drawing the 
ponds is either autumn or spring; the sale^ is regulated by 
measure, from the eye to the fork of the tail. At 12 inches. 
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belt entrusted to a botler or a gardener, who are -or should be 
olw^rs at home, beoanse the oonstanoy or regularity of serving 
the fish ooudnoe rmy much to their well eating and thriving, 
for tbqr will expeot their meat os duly os horses, end appetite 
In eqy creature wastes by disappointment. Any sort of groin 
^ go^ to feed with, especially malt eoarse ground; pease 
DoUed a tom or two are as good as any other grain; the grains 
•fter m brewing while theym good and sweet, are vary proper; 
but one bnehel of malt not brewed wQl go an fhr aa two of 
peiuA The obiiq;iingB of bread and orte of a table, steeped in 
‘•P'oroppings of good stajmg ale, sie very good food for oarps. 
Of these; tlm quantity of two quiurts to thi^ table-osxps every 

▼oim, ai. 
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carp ore worth 50g. to ^5 the hundred, of oouise, to eall 
again ; at 15 inches £6, and at 18 inches .£8 or £9. The lata 
Egremont hod sevend noble ponds for breeding, and 
others for fattening, with streams running through them. They 
were fished every third year, and tiio best roserved for the 
stews.” 

The establishment of railways and the facile ana cheap 
oaxriage of salt-water fish into the interior of the country, 
where at one time a maokerol or sole was a luxury, haa tend^ 
muoh to the neglect of flah-farming ns a producer m food; but 
the rapid spread of the love for angling promisee to restore 
most our ocgleoted watws to that condition from which they 
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Inm tedlMi. To «ho«, i&deed, wh&t a mibjeot of iatereit 
anfH»iir liaa of late yean beoome, «a need metanoe tlte 
' lM)k that a eoaiVBrativdy few yeaie a|{o, theta esdMed hat one 
'ifonnuil, that Ot Bed’t L^e in London, which gave eepedel at- 
tK^oh to the eabjaot, and that now OTeTy newspaper of ordi- 
'any iateUigenoe opoiia ite pagee to its drnngs, 'comments freely 
npott the pnmnit, and devotes leading artiota in eensation^ 
a^ eneomiaefcio langnage in peaiae of its healthful tendendoB 
and innocent delights. Moreover, senators retiro with the rod 
to the torrent-side, have their achievements as dnly ohronioled 
as the recess speeches of other merihers of the Legislatore; and 
the profession^ man no longer oonceals his tackle os he makes 
his way ont of town, bnt rather parados it ontsido oab or on 
railway platform, as ihe welcome companion of hie rambles 
rather than an evidenoe of idleness; and consequently those 
rods which under the gnise of walking-sticks had once snob a 
sale, an now scarcely to be obtained, mnoh less hypociitioaJly 
used and patronised by those who were aoonstomed to disgaise 
part of their poipose in their errand after health. 

BerlmpB the-disgraoefol state of non-onltivarfiion is evidenced by 
the ahamefnl manner in which the Norfolk broads and rivers 
ate netted daring the spawning time, with only the XMltiy 
exonse that the fish are wanted as bolt for salt-water fidieriea 
or for the pigs. Mr. Alexander Bnssol, in his exoellent uptk 
upon “The ^Imon,” says, “Water as well os land was 
dMgned to provide food for man; and not only it ihere no 
reason why man should destroy the one sonxoe, while he is 
laboiionsly fostering the other, bat thers is no obstacle in 
Nature to water being, like land, rendered immensely more pro- 
dnoiive by the appliances of art and Skill. The fa^, however, 
that Nature, for whatever ends, has made ihe water more proliflo 
than ihe land, is no reason at all why man should rednoe the 
water to sterility while making sadh efforts to maintain and 
increase the fertility of the land—^nay, afaoqld even destroy the 
water with what might farther enrich the land. £V)r it is a I 
fact that, whilst the utmost that skill, capital, and labsnr 
oonld do, has been done for the land, not only has nothing been 
done for the water, but a groat deal has been done against it, 
as especially enormons mischief is done by materials that shonld 
be kept to give fertility to the land, being sent away to inflict 
steriliiy upon ihe waters." 

“The main oanse why all fresh-water streams become sterilo 
in the end, if not carefnlly tended, is simple onongh; namely, 
all ihe smaller streams form the sewers of the adjacent oonntry, 
and fan into the larger rivets, and the latter a^n aot as the 
sewers of the towns and of the kingdom, and are carriers of 
their eongregated impurities Anally to the sea. The increasing 
population ot human beings charges the rivers every day with 
more and more fool matters, the refnse of towns and the 
BgTsriaa districts passing into them, and hence the destrnotion 
of the spawn, eg®, or ova of flsh, hut not of the fish when once 
hnught into life.” Had Mr. Boooins lived till 1871, ho would 
have saeptmged the words written in 1848, which wo plooo in 
italioa, ihe abntvary’6f whioh he eeetta half prepared to admit 
when he adds; “8ne oanse of this I riiall explain ohamioally. 
'Water la composed ot one volame of oxygen gas and two 
V^umes of hydrogen gas. No life oan be snsti^ed wiihont 
"O^gen, let it be animal or vegfotahle; eonsequehriy^ when water 
btflomee ^okened by other matters, a new oomponnd is intro- 
daned, which prodnOes a new ohemioal action; and this is the 
. aoBse why all rivers and streame eventually beoome barren; 
lor the lyiowing is the resnlt of sneh a condition of waters, 
whioh it is an abuse of language any longer to coll fresh. The 
agt 0^ adldt, in prodnorion, differs from that of other onimala, 
os tiie absorption of tho spermatio fluids does not take place till 
it Hm passed from tho parent, and is then left on its bed, hill,* 
or weed, ooeording to ihe deseripriem of he flsh, until tho period 
ot iaonbdtioa has arrived; but in ihe mesntima, afaonld the 
water beoeme foul wtd ohange its character, then he allnviid 
deposit in he wafer settloe down upon he pedicle or neok of 
he egg, henaetioally seals he same, and prevente he oxygon 
gee (the oompement part of water) from being absorbed and 
' passing to the erntnyo, from whioh oanse enffoosiSon takes place, 
sad tiw egg is, in i^ common phrase, addled. Him msy seem 
-aftangai ^t ho stu^tt ot the laws Nature well knows that 
atfttn gas is os abopliriiely «eoeasary to life as it is the riow 
d h tr p y e r of aH things; 'Ttkedeateaetion of the eggs of he 
frail from ho oanse jnst naafgaed, I have proved to tnaaiy 


friends, having ahovm them thonsonds in a pnttefled state on 
heir own natural bills or breeding gronndat whilst, npon the 
principles I have to detail of my mohods of fawdnoing flak, not 
a sii^le egg is lost." : 

^e above extraot oalls for two ohservatlonB we deem of no 
Uttle importanoe. The first is he assertion that he sewage 
has no effeot npon he fish when onoe brought into life, whih 
all subsequent experiments h'sSre proved to ha eontroryj 
indeed, so mneh so hat in he Thames and other rivwa, it 
is now admitted that it is a scandalous waste ot money and 
embryo food to introduce salmon, wMoh Mr.'Boooins rightly 
calls “he saperior class and quality of fish," until he waters 
are in each a state of purity os to bo prepared for its main- 
tonanee. 

As regards sewage, we oonld show ,1^ nnmherless foots that 
ho aristooratio salmon and trout, and indeed several oher flab 
of cleanly habits, will turn toil at tho slightest indioation 
of filh; and it is well known npon salmon rivers, that if 
he smallest portion of putrid garbage, or oven ho offlsd of a 
lamb, is hrown into he stream, it will tnm ho course of the 
passage of he fish, and detain them nntil the effect of ho 
offensive oanse is removed. Tho conditions being, therefore, at 
he worst, it would actually bettor pay us to breed in ho 
Thames for sport the coarser kinds of fish, whioh aro more 
oapablo from their nature to battle for a while with he foul 
state of ihe waters, than are the more sensitive and roflned. 
“la it not monstrous," says an indignant ichthyologist, “that we 
are to listen patiently to tho minnte instmetionB at how to keep 
clean and free from offensive i>artloles tho troughs and boxes 
in whioh wo would breed the salmon and trout, and hou to 
hear that after an odnoation in tho strietest sanitary eehool of 
oleanliness, we may safely turn them ont into rivers where the 
etate of he impurity may be measured by tho depth in inches 
of a slimy mnd deposit, and tho poisonous character of their 
flow asooi^ned by the absonoe of tho wild flowers that once 
adorned he banks of tho stream P " 120,000 trout whioh Mr. 
Boooias bred and tamed into the Oolno woidd now have had their 
mUlions of great-grandchildren (that is, always subject to the 
maximum of support a water can afford), and the Wandle its 
beantiful tenants in profusion, if tho one great condition of 
purity had not been neglected or shameloBsIy ignored. Paper 
mills, cotton faotories, tannoriea and chomioal works have much 
to answer for; bnt until their owners oan see hat “waste" 
can bo rendered an item of profit, or hoy are compelled to 
find other ohannela than a running stream for ho vohiole of 
what they desire to remove to their noighbonr, the pnrsuit of 
artificial hatching must be attended with considerable oost, and, 
what is still of greater oonsequenoe to the advance of eoienoe, 
disappointment, whioh means sorions retardation.* 

Vhio, let me ask, ever found salmon, salmon trout, trout or 
grayling, or indeed barbel or gudgeon in waters wih a mnddy 
deposit; and who that knows anything of ho subject expeote 
fish to stay in waters hue situated longer than hey ooqld 
possibly help, or else toeoome aidk end dte P V In order," says 
Mr. Boooins, “ to prove to demonstration tbs deatmetlveeffsra 
of the deposits of a river vhea ite waters lieoome impose, .1 
had a small bond made from he stream, which wasHinll 
gravelled, and gnsxded at eithn end with perforated sine ifisW, 
and h'e top oovered over, so that neither wate^f<nri^ nor 
heron conld ravage he hill. It was spawned with toOto 
hon 10,00(1 eggs; bnt notwihstanding he seeming prqepsots, 
not more than a dosen fry came forth, he remainder beihg all 
addled." 

As onr object is more of fact than of heory—of what is han 
what was—wo shall not follow fish onltnre book any great way— 
indeed, not farher than will serve to introdnoe the presmit 
praotioes, and render hem plain and practioal. It may here be 
remuked, hat provided always the watora ore kept free &om 
deleterious matters, and unfair doterioratiDn by poachers, «te., 
hdr wonderfnl produotireneBS in he shape fish is b^^tmd 
question. “There is so animal is he world like he flh in its 
power mnltiplying ite own speoim; bnt fresh waters requite 
care and ptote^on; they must be managed aagrell as protected, 
and must bo protected andMuanai^ on sound prinriphs, 
ot on riven and streams running hrongh populous oonhtriM 
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viQ twjbi BO kng tinie whdly depopulated of tiwir finny tribes.”* 
lUa miui vritten by osr late friend Kr. GkitUiob Boeoios so far 
ago *■ 1868, and the oonseqnenoee in many distiiots have too 
sorely loilowed tbia prophetio and almost unheeded warning. 
Happily, now moat dtasaes are alive to the vital importance of 
01 ^ fiaheriea, and we need not fear, with ihe mental resoaroea 
and indomit^le perseverance jroond tu, that ao great a alar 
will be permitted long to remain. The people’s healthfid food 
and ihe people’s healthfal recreation are now engaging the 
thooghta ot a^ve minda. The direction which anoh benevolent 
asinrattons most talce, cannot otherwise than embrace the 
hundreds of miles of wnter which flow over or lie quiet upon 
the apzfaoe of Great Britain, sU courting the proteotiye h^d 
of man, either to remove those causes of their barrenness and 
steriliiy, or to watch over and develop the oountloss stores of 
fish which they are ready and willing to offer us. To show 
how much legi^tive iuteiference is needed, wo could instance 
very many lengths of water, from two miles to thirty, which 
poasess every pesential requisite for breeding fish, provided 
they were restored to their former purity e^d properly pro¬ 
tected. Yet these valuable resources are given up year after 
year to the devastation of the not, which soaroely leaves any 
fry behind, being replenished again and again from neigh¬ 
bouring preserves, only to be thus annually depleted to the 
profit of those who neiGier take part in nor pay for the cost of 
the production of the stook. Houue the importance of the 
mesh of the net being fixed by competent auihoritios after due 
local inquiry (os ovoty river has its own peculiarities), the 
object being to catch the adult marketable fish, leaving the 
younger to keep up the stock—in other words, “ a mesh to catch 
aU the sheep and lot the lambs through.” The produce of 
Scotch salmon fisheries is valued at ^300,000 per annum. 
The rental of the Toy alone is ^17,000 a year, and that of 
Irish livers is very considerable. The Norwegian and Swedish 
fisheries improve their rentals every day, the principal returns 
being from anglers. But from what we hear of the increase of 
seine and bag nets in their cstuanos, it may not be long before 
resort will bo hod to fish culture. Still, wi^ the absence of all 
poUutionB from most of their rivers, it may bo long before any 
serious mischief occurs. 

The Bhine runs through Holland, France, Frussia, and 
Switserland, and although there may exist a difference of opinion 
in these countries in regard to national boundaries, there is 
none in reference to the capabilities of the Rhino os a salraou- 
produoing stroam. Consequently the iir.portanco of the subject 
has given rise to a society now in open tion at Berlin, under 
the highest Government ofifioers of the sovoral interests, Der 
Deutsche Fischeiiei Yorein, which is about at once to nnder- 
tak:e the fish cultivation of this river. There can be little doubt 
but that the Rhine is capable of prodneing many thonsoud j 
pounds worth of fish, if a proper understanding can be arrived ] 
at amongst sR parties, although the canalising that river, while | 
improving its channel for navigation, has had a deteriorating 
effect upon its natural basin os a nursery for fish. 

The managers of Der Deutsche Fisoheriei Veroin are in oorre- 
spondence with tiie leaders of fish cslturo in England, as in this 
ait it is BOW generally acknowledged that this country takes j 
the most forward place in Europe. Indeed, in regard to salmon 
'cnltore. Great Britain ntiw stands'nntivalled. There arc thirty- I 
foitr district boards in England under tiio acta of 1861 and 1865, i 
who qany out fish culture on a very large sosJe, regulating | 
nets, fixed engines, ladders, weirs, preventing pollutions, and, | 



above aU, giving ^oteotien to the fish in tite winter time. AR 
the large Soob^ rivera are under tiie management of a board 
ef tiie most infinential people of the country; Ireland also is 
divided into distriota which work under Hrieh note of Parliament. 
In England and JYales, inspeotors ore appointed to travel about 
and adviee, and r^ert annnslly to Parliament. There are epeoial 
oommissioners appointed to inquire into law points as to rigjita 
of salmon property. In Ireland there are tiiM inspectore, who 
also iesne annual reports. These gentlemen likewise have to 
watoh the oyster and sea fisheries. There are three Scotch com- 
misaiemere whose duties are more legal than exeentive, and we 
learn from the lateat report that the Scotch proprietors in the 
distriot board ore onxions for inspectors to bo appointed to 
carry out previsions of schedules, especially G, as to passage of 
fish ever weirs, and Schedule F, regrulation of emves (fisl^g 
traps), gratings, annual close time, meshes of nets, and other 
detoila ef importance. Sweden, Russia, and Denmark have also 
inspeotars of fisheries, and so also has Canada. America appears, 
however, but recently to have awoke up to their necessity, and 
this has been brought about by the announcement that the shad 
are nearly extinct, and the salmon are being rapidly exterminated 
by tho increasing quantity of saw-dust accumulating in the 
principal rivers from the water-mills. The states of New York 
and Boston are taking great pains to open up rivera, and increase 
the fiehby artificial hatching. Mr. Seth Green has done much in 
the latter direction. His last nsofnl act was to transport shad 
to the rivers of California. Mr. Andrew Murray, F.L.S., has 
brought the eggs of the sterlet from Russia, and turned them 
out in the ^lin, under tho auspioos of his Groce the Duke of 
Sutherland.* Sir Stephen Lakeman has brought over three 
living speoimona of the gold schley, now quite naturalised in 
this country at Aldermaston Park, near Reading, the seat of 
Mr. Higford Burr, a zealous and practical naturalist. Sir 
Stephen Lakeman Ukowise succeeded in introducing the titnnder- 
fieh and tho SilMnu glanis into this park, but the experiment 
failed, the fish having nnacoonntably disappeared, bnt they pro¬ 
bably fell a prey to -^e herons, a colony of which is close by. 

We append some excellent illustrations of the salmon in 
three different stages: (1) the young salmon during the early 
stage of its oxistenoo; (2) tho parr, or salmon a year old; and 
(3) the adult or full-grown salmon. 

BRICK AND TILE MAKING.—V. 

By aiLSKKT E. EKDaaAVB. 

OOPINO BBICKS—MOULDED BBICKS—OADOBD BBICKB—TILES— 
BOOEINQ AHD DBAIB TILES. 

Beeobe passing on to the mannfaotare of tiles, it may be as 
well if we glance briefly at some of tho many descriptions of 
bricks. These, as may bo supposed, are almost endless, and 
wo can only, iu the spSco at our command, refer to a tew of 
the chief of them. Coping bricks are used to surmount walla, 
and oro so shaped as te throw off the water, and provide a 
slightly overhanging protection to the wall; they are, therefore, 
generally rounded, or made with a slant or doable slant at tho 
top, and ehoulfl be>providod on their under surfaces with a slight 
groove on each sidi, in order to form a drip to throw the wet ofi' 
the wall. They are seldom made for wells more than 14 inches 
in thickness, and should bo one inch wider on each side than 
the wall—thus, 11 inches for 3-inch brickwork, and 16 inches 
for a wall 14 inches wide. Moulded bricks are made in 
every variety for enriched surfooes, and take their names from 
the shape of tho principid moulding on them; arch-bricks are 
those made in tho form of a wedge, in order to serve as 
vousBoirs} splayed brioka, such os have one of their edges 
canted off, and are employed for set-offs and plinths; compass 
bricks, used for building circular walls and sewers; channel 
bricks, for gutters; olinkers, specially made for paving; and 
bond brinks, which ore from 14 to 18 inohes iu length, and are 
need to improve tho bond of common brickwork. There arq,plso 
speoial names in different parts of the country for the various 
qnalities of brioks, with tefarenoe to the respective exeellenoe 
of their manufacture j thue the, best, according to the nature of 
the failok, may be called malms, rubbers, or onttera; tho seconds, 
stocks,,or malm stooks, and grizzles; and the inferior and 

. • WdePMdQuartirtv.Peb, 1871, page S3. 








33 


THE TECHNICAL EDHCATOB. 


tmderbnr^t kinds, ehoits, sammol or place bricks. Those which 
SN so orerbumf and ran together as to be quite valueless, are 
oalled ciliiikerB or burrs, and are broken up and used for road- 
making. In accordance with the way in which they are made, 
bricks are ssmetimes called pressed briokB,«ot patent bricks, 
vrhioh latter term is applied indisorfininately by bricklayers to 
all machine-made bricks. 

By the Act of Parliament now abolished, which imposed a 
tax of 5 b. per thousand upon all bricks under a certain size, 
and double this amount on all such as oxooeded 10 X & X 3 
inches, which are rather in excess of the dimensions of an 
ordinary brick, it was also impossible to go over or dress the 
surfaces of any bricks, after they had once left the mould, 
without rendering them liable to an increased duty of 12s. per 
thousand. Under these oiroumatances, it is scarcely to be 
wondered at that for many years little was attempted in the 
way of improving this branch of mannfaotnre. The Act of 1830, 
whioh mode this duty a uniform sum for all bricks under 150 
onbio inches in contents of Ss. lOd. per thousand, opened up an 
important and neglected industry, whioh has sinoe then mode 
great progress, and monlded and enriohod brioka are now largely 
used for London bnildings. 

London, owing to the scarcity of stone in its vicinity, must 
always remain a brick ciiy, and it is sad, knowing this to bo so, 
to BOO how little has been done by London briekmakets to im¬ 
prove tlie ordinary stock brick, which is abont as bad as it well 
could be. 

Before concluding onr remarks upon bricks, we may refer 
very briefly to the plan of using them as gauged or rubbed I 
brioka. It was a very common practice in the “ Queen Anne 
period ” to put together a number of oarefuUy-bnmed bricks, 
picked for ovennoas of colour, with the thinnest possible joints, 
and then to oarro some ornament on this mass, dealing with it 
OB if it wore a block of stone. For all the best kinds of walling, 
moreover, the bricks wore similarly selected for oolonr, and 
rubbed on a stone slab, to moke the joints as thin as possible. 
The face of the finish^ wall was likewise rubbed over with a 
hard briok, till it was perfectly level and true. Such work con- 
iStitntos the fine old red brickwork, whioh is frequently so much 
praised. A somewhat similar mode of preparing and nsiug 
brick is now again coming into vogue; and opposed as it is to 
tho nature and properties of tho material oonsidored with re- 
forence to its briok origin, we oonnot but protest against this 
method of dealing with brickwork. To cut and carve bricks 
into all kinds of elaborato shapes when they have been hardened 
in the kiln, and to do at so muoh expense, when tho clay has 
been burned, that wluoh could have been so readily and ohoaply 
done while it was in tho plastic state, appears to us to bo 
entirely wrong and false in principle. It does not come within 
onr province to point out tho best modes of using bricks, nor 
have we anything to do with the mortar or oement used for this 
purpose. On the vexed question of thick and thin joints, wo 
may state that wo are of opinion that a joint of about a quarter 
of an inch iu thiokness, as one whioh can readily bo made with 
tho ordinary consistenoy of mortar, and as famishing a good 
and true bod for a fairly well-formed briok, should bo insisted 
npon. Thu plan of mal^g bricks with a large frog or kick on 
their upper and under surioocs, and of filling some kinds of 
bricks with small perforations, while it is by no means injarious, 
deereasps their weight, and gives the mortar a good bold. We 
may oonoludo this part of onr subject with the following simple 
directions: “ Well wet your bricks before laying them, and let 
your mortar be as stiff os possible.” 

We shall divide onr observations npon tile-making into two 
beads—namely, roofing and drain tiles, and flooring and wdU 
tOes. TUes specially intended for nso as a roofing material have 
not, we fibiiik, the same antiquity as brioks. The ordinary roof¬ 
ing tile, knovm as a plain tile, whioh generally measures 10} x 
«ix 8 indies, and weighs abont 2} pounds, seems to have 
bMn on the model of a shingle. Singles are thin strips 
of i^lit wood used in the eame way as tiles are used, and which 
in many parts of Germany and Switzerland, and even in some 
of oqr own rural districts up to the present day, are in almost 
sniversal use for every deaoription of roofing. 

The intzoduotion of slate, owing to the inoroased facilities of 
nilwny oommunieation .with Wales and other slate-producing 
districts, seemed Hkeiy fora time to drive tiles completely out 
of the nmeket. The weight of the tiles may bo assumed to be 


about 15 owt. per square oi 100 superficial feet, while tim ssme 
amount of roof space could be Covered with 6 owt. of the best 
slates. Theu the slates ate so muoh lees porous, so much more 
rea^y fixed, sad oan be laid at snoh a mudi flatter angle than 
tUes, that for these and other similar ressona they have very 
largely replaced the old.fatiuoned tiling. It oasnot, however, 
be forgotten that slating is a rery dnB and ugly looking stthtti* 
tute^or tiling, and as tile mannfaatnzers have reoentl^ been 
exerting themselves to give ns a better made and lighter arttole 
than tho old-fashioned pan or plain tUo, we may 'hc^ to see 
tiles again largely used. Fan-tiles are larger thim plain tiles, 
have an ogee seotion, and weigh abont 5} lb. each. Botii pan 
and plain tiles, and several o&er varieties we shail aUnde to 
farther on, are genomlly made by briokmakeie, and require 
appliances similar to those dosoribed for briok-making. Plain 
tiles oan readily bo made by maohinery, but we ere not aware 
that any maoh^o oxists for tho produotion of pan-tiles. 

The clay for tile-making requires to be of a tougher desorip- 
tion than that used for bricks; and, as it will readily be und^ 
stood, owing to tho mnoh greater thinness of tiles, requires a 
much more careful course of preparation. It is genacally dug 
in tho antnmn, and allowed to remain aU through the winter 
months in shallow pits, to fall and mellow, and is sometimes 
kept for a twelvemonth before it is naed; it has to be oarefnlly 
picked over to remove the stones, and it is generally tempered 
Wore use in small lumps by women or ohUdron, or it is 
passed tw}po, and sometimes three times, through a png-miU. 
Having boon fnrtber prepared by cutting it into numerons thin 
slioea with a wire ontter called a sling—^whioh prooess assists 
in removing the small stones, and is similar to the wedging 
or slapping of tho terra-cotta clay—the clay is ready for tho 
moulder. Tho lumps or pieces are roughly prepared by a boy 
in tMn slices, abont large enough to fill the mould, whioh is 
nothing more than, a wood frame, a little over half an inch 
in thiokness. Tiles are invariably made in sanded moulds, as 
slop-moulding cannot be employed. In Staffordshire ooal-duat, 
and in Shropshire powdered burnt clay is used to faoilitate 
the object leaving tho mould. Tho olay having been filled into 
the mould, the snrfaoe is levelled, in some plooes with a wiro 
cutter, in others with a round roller, like a cook’s rolling- 
pin. Tho tile is then removed to dry, and when partially diy it 
is beaten with a thwaokor, or placed npon a horse, to give it 
what is termed a sot. The sot ig a slight curve, which is neoes- 
sary in order to enable tho tiles to bed evenly one upon tho other 
when used for roofing. When thoroughly dry, the tiles ore 
stacked in kilns, and burnt as brioka are burnt. It is a very 
oommon praotioe to burn bricks and tiles together, the bricks 
being at the bottom of the kUn and the tiles at the top. The 
tiles ore bnilt np on edge, as close as they will lie, in layers or 
“ bolts,” which cross one another at right angles. When they 
ai-o burnt alone they do not require so muoh firing oa brioka, in 
oonsequenoe of their small thickness. 

It was formerly oustomary to punch a couple of small square 
holes through the tile, about 1} inches in each way, at the top ; 
through these holes wooden pegs ware driven, by means pf 
whioh tho tile was hnng upon tho lath. This system has now 
been disoontinued in most places, as not only was the tile mncdi 
weakened thereby, and frequently broken by the insertion of 
the pegs; but it was also found that the dampness oLihe tile 
soon rotted the peg, whioh dropped oflf, and allowed the tile to 
slip off the roof. In lien of the holes, tiierefore, a small stnd ot 
button of olay is oast on the under surface, just against ike 
upper edge, whioh most effectually replaces ^the peg. 

In making pan-tiles, the tiles are fhst monlded flat, and then 
given their proper carve on a speoially-formed blodk. I3iey are 
subsequently, when partially dry, trimmed up and finished on a 
thwaoking-freme, and burnt in a special kUn. For a more 
minute desoription of what is, however, now an almost obsolete 
mannfaotnre, onr readers are referred to the article on ” London 
Tileries,” in " Dobson’s Treatise.” In Shropshire and Stafford¬ 
shire a very small and thin tile is made of the .wdl-known Uue 
olay, whioh is burnt very bard, and which, owu^r to its imper- 
viousness and lightness, mskes^ exoelleiit root material: snoh 
tiloB are termed Btoseley tiles. 

Plain are very frequently ornamented by having their 
lower ends pointed or rounded off, and when used in idter- 
nate oonraes with oommon tiles, they have a vssy good effect. 
Snoh tiles an mado in a similar way to tiw pb^ tiles, la • 
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■pedal laonld. ^Htie kind of tiling is often seed agsinst tke 
twtioal of a house or cottage to keep oat tiie driving rain, 
and ia tbis fottt it is known as “ weather tiling.” The speoial 
tiles for oovetii^r the rid^ and hips, and for forming gutters 
—knpwp respeotivol; as ridge, hip, and valley tiles—are hand. 
monlded on blocks shaped for the porpose; '^ey are about the 
same prioe os pan-tilee. Bidge tiles axe difBonlt to bnm, and are 
genori^ plao^ one within the other on the top row of the kiln. 

Ihnin '^s are properly small pipes: they were at one time 
mads seotionally in the form of a hotse-shoe, and wore placed 
in the ground in the trenches prepared for them, with tho open 
part downwards. In soft soils snoh draining was of very little 
use, as in a very short time the superinoumbent weight pushed 
the tile down into the earth, and ^ua filled it up. i^ese tiles, 
whioh were moulded flat and subsequently bent to tho required 
shape, ore, we believe, now no longer made. The ordinary 
ouroular drain tile, which may be from !§ to 3 inches in internal 
diameter, is made in a machine of simple oonstruotion, which con 
be readily worked by hand. A man and boy can turn out 4,000 
or 5,000 in the course of a day. Before tho introduction of these 
machines a strip of elay had to bo rolled out or moulded of the re¬ 
quired siao, and then wrapped round,a drum or mandril, the edges 
closed by hand, and after the tile hod been shaped and finished 
tho drum was withdrawn, and tho tile stood upon end to dry. 

There are numorous pipe-making machines now in uso whioh 
are almost exactly similar in principle: the olay is first pre¬ 
pared in a pug-mill, and then pressed through an aperture in a 
steel die; tho pipe is cut off from time to time, to any required 
length, by moans of a wire cutter. Some machines make three 
or four tiles at each stroke of the piston. Uno of the most 
recent inventions is a machine for producing pipes by hydraulic 
IJroBsnre, which soema to work steadily and well. Pipes are 
stood on end, and built up one on tho top of another, in tho 
kiln. If it is required to give them a salt glaze, the fires are 
made up just os tho kiln has got to its full heat, and a few 
handfuls of salt are thrown on each fire. Tho salt sublimes, 
and the soda therein combines with tlio silica in tho olay to form 
a fusible double silicate of soda and alumina. Salt glazing is, 
we believe, almost invariably confined to down-draught kilns. A 
ring wall about half way up the kiln protects tho goods from 
immediate oontoot with tho flames, which pass up over this wall 
through the goods, and escape by moans of numorous openings in 
tho floor into tho chimney. Pipes, tilos, and all thin olay goods, 
though they do not want quite so much ooro as more solid 
objects in tho smoking process, require very careful and tender 
treatment under full firing. 

In the produotion of simple ornamoatal roofing tills some of 
our (Jontincntal neighbours are for ahead of ns : thero have been 
latterly, however, several new kinds of tiling brought under our 
notice. Among tbeso ore the corrugated tiles, made at'Brldge- 
wator, tho Broomholl tilos, which are ribbed or fluted, and the 
so-called Italian tiles, which are a oombination of rolls and flat 
tiles. Tho true Italian tiles are all somi-circolar, and are laid 
alternately convex and oonoave. The mode of repairing leaky 
roofs in Italy may be ail very well thero, but would not do, wo 
fear, with our lightly timbered English roofs. It oonsists in 
laying another layer of fresh tiles over the leaky ones, whioh are 
left as they are. We have seen old roofs in Milan with three 
or four thioknessea of tiling on them. For producing plain and 
moiddod tiles by maohinory tho applionoea ore ail of them 
rimilax to thoao previously described for brick and pipe making. 
We diail pass on in our next paper to the mannfaotnre of floor¬ 
ing tiles._ 
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CHAPTEB XI.-CHBMI8PrET OP PEEDING MATERIALS. 

A SNOWiiXsav of the eompoaition of feeding materials and of 
their oompaiative vaiues is of groat importance to the acientiflo 
fanner, No doubt the relative values of the ordinary foods 
oonaumad by the animals of the farm are tolerably well known 
to feeders who have had oonsfderable experience in their bnsi- 
xthes} but there are many alimentary aubstanoea oooasionally 
«nployed in the feading-houae, of which the stook-foeder’s 
knowledge is v^ limited. Indeed, it may truly be said that 
the great majority of farmers axe by no meana fully aequointod 


with those methods of fattening their stock, whioh out of a 
minimum quantity of raw materials (foods) produce a maximum 
amount of beef, mutton, and pork,' . 

Tho space at our disposal does not admit of our going 
minutely into the physiology of the nTiiwiiJM of the farm, or the 
ohemista^ of food: we oan but state the composition of tho 
principal nutritive aubstanoea used in the fee^g-house, and 
briefly indicate their adaptability to tho wants of the different 
varieiieB of stock. 

The proximate ingredients of vegetables used as food are 
arranged under three heads :— 

(1) Nitrogenous, albuminous, or flesh-forming bodies, oontaJn- 
ing the ohemical elomonts, carbon, hydrogen, oxygon, nitrogen, 
and small proporidona of sulphur and phosphorus; (2) non- 
nitrogenous or fat-forming bodies, containing carbon and &e 
elements of water, bydrog;en and oxygon; (3) mineral orinoom- 
bnatiblo matters, or a$h. Caseine, albumen, and fibrine are 
examples of nitrogeuoua bodies, and they resemble each other 
and all other albuminoids very closely in ooraposition. Sugars, 
starch, pectose bodies, gum, and woody fibre (ceUuloae} are 
termed carbo-hydrates, and together with oleaginous or fatty 
bodies, they oonstitute the non-nitrogenous group cf food 
matoriels. In nutritive power it is oonsidored that 24 ports of 
digestible carbo-hydrates eqnal 1 port of fatty matter. We 
do not know of any differenco between the nutritive power ,of 
the various albuminous substanoes. CeUnlose is, there is good 
reason to believe, digestible on the stomach of a ruminant, pro¬ 
vided it bo derived from young and succulent plants; old woody 
fibre oan have but little, if any, nutritive propertieB. Fectoee 
bodies constitute a ra^er large proportion of the nutritive 
matters found in roots and foliage. Fectose proper is the sub- 
stanuu, tho prosonoe of which in tho juices of various fruits, 
causes thorn to gelatinise; hence pectose is also termed vege¬ 
table jelly. As to the nutritive property of gums some doubt 
has been expressed, but wo believe that they really do poBsess 
alimentative proporties. We shall now describe tho composition 
of the commonly employed feeding-stuffs. 

Qreen Fowl. —Tljo grasses, natural and artificial, constitute 
tho most abundant food of live stuck. Amongst tho most 
nutritious grasses may be enumerated Italian rye-grass, annual 
meadow-grass, meadow barley, crested dog's-tail-gross, Toothy, 
or meadow cat’s-tail-grass, cook'e-foot-grass, and sweet- vernal 
grass. Amongst grasBcs of medium quality may be mentioned 
smooth and rough-stalked meadow-grass, moadow foxtail-grass, 
and watorwhorl-grass. Tho rough-stalked meadow-grass is 
perhaps tho least nutritious of those mentioned ; but it is supe¬ 
rior to moadow soft-grass, false brome-grass, upright brome- 
grass, and orooping soft-gross, whioh, together with other kinds 
grown, do not deserve to bo cultivated. 

In grasses we find from 70 to 78 per cent, of water, 2 to 4 per 
cent, of albuminates, about 1 por cent, of fatty bodies, 10 to 20 
per cent, of fat-formers (starch, etc.), and from 5 te 15 per 
cent, of woody fibre. 

Tho artificial grassos (whioh on tho whole are more nutritive 
than tho natural grasses) inolndo the different varieties of 
clover, vetches. Income, and a few other plants, most of which 
aro rarely opltivatod. Clovers are very valuable plants, rich 
in both flesh and fat forming materials, and very snoculent and 
tender. Of the'different variotios o-lsike appears to be the best, 
as it contains a very high proportion of nutritive matter, be¬ 
sides usually giving an abundant yield. The composition of 
tho vetch, eainfoin, and luoemo closely resembles that of the 
clovers. Lentils, hirdefoot, trefoil, melilot, and lupines are legu¬ 
minous plants, and aro all valuable forago crops. 

, According to Dr. Anderson, red clover oontaina from 79 98 to 
85’3 per cent, of water, 14‘7 to 21'02 per cent, of dry snb- 
stonoea, 2‘31 to 2'87 per cent, of albuminatoa, and from 1'3 to 
1*58 per cent, of ash ; cow-grass oontains from 77'39 to 81'76 
per cent, of water, 18*24 to 22*61 per cent, of dry Bubstanoes, 
2*25 to 8*19 per cent, of albuminates, and 1*92 to 2*73 pet oent. 
of ash; crimson clover oontains 82*56 per cent, of water, 17*44 
per oent. of dry substanoes, 3*25 per cent, of albuminates, and 
1*88 per oent. dt ash; yellow clover oontaina from 77*38 to 78*60 
per cent, of water, 21*4 to 22*62 per cent, of diy substanoes, 
2*94 to 3*6 per cent, of albuminates, and from 1*75 to 2*02 per 
cent, of ash. Qreen rye is oecoaionally employed as a forage 
crop) it is about oquid to good clover. 

i^po is one of the most valuable of the crops used for stock- 
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feodisf in theoe eountries; not beoause ita feeding value ia 
UgU, bnt simpljr owing to its being generally obtained as a 
itelen crop, that is, a crop obtained from a field wfaiob has 
pvodnoed or k to produce another crop in the-same year. 
100 parte of rape contain, accord!^ to Vodoker, 87'05 per cent, 
ot Water, 3‘133 per cent, of albammaiee, 0*649 per cent, of fats, 
4 per cent, of starch and gam, 3*56 per cent, of fibre, and 1*608 
per cent, of ash. 

The mustard plant k eometimes grown for sheep. It ia 
richer in flesh-formore tlwn rape, and in other respects it k 
about equally nutritious with the latter. The prickly comfroy, 
dhioory, and yarrow (the latter k usually considered to be litiio 
better than weeds), are all somewhat inferior to clover and rape. 
Melons and marrows are occasionally used os food for oattk, 
but their nutritive power is very low. The cabbage possesses 
very good feeding properties, and is worthy of greater atteiAion 
from ibe stock-feeder. Dt. Anderson has investigated the com¬ 
position of the drumhead cabbage. He found that the ‘‘heart" 
and inner leaves were less natritions than the outer leaves, and 
that the young plants were the richest in nourishment. These 
results show the desirability of cultivating the open-leaved 
varieties of thk plant. Cabbages arc much relished by cattle 
and sheep, and the butter of cows fed upon them k free from the 
disagreeable flavour which is often noticed in batter from the 
milif of cows fed on turnips. It is to be regretted that cabbages 
do not admit of being stored, as othorwke they might be much 
more extensively cultivated than k now the ease. 

The following is Voeloker's analysis of the cattle cabbage 
(heart and inner leaves in a fresh state). 100 parts contain:— 


Water.89*42 

Oil.0*08 

Soluble albuminates.1*19 

Insoluble albumluates ..... 0*31 

Sugar, digestible fibre, etc. .... 7*01 

Woody fitoa.1*14 

Ash.085 


10000 

Furze (gorso or whins) k a plant that might with advantage 
be grown upon poor soils, esiraoially in the uplands. It k very 
ba^y, and k able to withstand prolonged drought. It is 
relished (when bruised) by every kind of stock, and oven borsos 
thrive upon it. I find furze eat on the 15th of August, the 
■hoots mostly consisting of the year’s growth, to have the 
following oomposition. 100 ports contain:— 


Water ' . . , . 72*00 

AlbatoinatcB.3*21 

Oil.1*18 

Fat-formers (itarcb, etc.) . . . .8*20 

Woody fibre.13*33 

Asli ..2 08 


100 00 

Dry Fodder .—Straw consists of the dried stems of cereal 
and lognmiuons plants. Most kinds are valuable foods, and 
indeed it appears to me that farmere do not estimate at the full 
value the feeding properties of good oat and bmrley straw. 

The quality of straw is very much influenced by the manner 
in wbioh it ia haiwested. If it k out early, apoedSy removed 
from the field, kept from the wet and properly stooked, it will 
often (in the case of oat-straw) be found to olosoly approaoh 
hay in nutritive value. When the upper part of the stems of 
corn plants changes from a green to a yellowish hue, nothing k 
to be gained by delaying the reaping ^ the crop, llie change 
of colour indioates '^at the vegetative frinotionB of the plants 
have oome to an end, and that henoeforih, instead of inoreasing, 
they will diminish in weight, and that they will oertainly dete- 
rktato in quality the longer they remain uncut. Ovor-ripene 
straw k often of very inferiur quality, whilst the atom, out 
whikt a large portibn of it k stUl greeh, k one of the best 
■tapis foods of both homed stock and horses. Perhaps the 
best way to give a oleat idea of the value of straw properly 
harvested, k to oomparo it with linaoed-oAke in the following 
mtnadh —One ton ^ grood oat-straw (at say SOs. per ton) 
oontains 22*4 lb. of oU, 69*6 lb. of flesh-formers, 224 Ib. of 
sugar, staroh, gum, and 672 lb. of digestible woody fibre = 
l,Q981b. of nutriMve mattems or if we oaloulate &e fat as 
behm equal to 2i times its wright of steroh, then the total 
nutriment would be—^fat-formers, 952 lb. t flesh-formers,89*6 U>.; 
fiMKl, l»04X*6lb. On the otto toad, obe ten of good linseed- 


oake (at say £11 lOs. per tott) oontains of fierit-fonaers, 
582*4lb.; fat-formras (oO, 268*8lb., gum, sugar, eto„ 761‘6'lb.), 
1,608; fibre, 74*4 = total antriffleut (rite fats being muKtplkd 
by 2*5), 2,090*4 lb. These oomparkons show ns that we get 
1,000 lb. weight of nutriment in the form of straw for 3te., 
whikt for the same weight of untriment in the form of oil-imke 
we pay £& 158. No doubt, in the matter of quality, and in the 
presence of a large proportion of ready-formed fate, the oil-eake 
k superior to the straw; nevertheless, these advantages a^eax 
to be puTcbaeable at a very high oost. 


ANALTSES OT OAT-STBAW. 



From Co. 
Wicklow. 

Ho. 1. 

Obtained bi theUubUn Iferket. 


Ho, 8. 

Ho. 3. 

Ho. 4. 

Water . . , , . 

1400 

14*00 

14*00 

14*00 

Flesh-form iug prinoiplea— 
a. Soluble in water . . , 

4*08 

2*02 

2*04 

1*46 

b. Insolttble in water . 

3*09 

3*16 

300 

2*23 

OU. 

1*84 

1*40 

1*20 

1*00 

SuBor, gum, and other fat- 
forming matters . 

13*79 

12*67 

10*18 

11*16 

Wood; fibre .... 

59*96 

61*79 

65*45 

65*20 

Mineral matter 

4*24 

4*96 

4*07 

4*86 

f. - 


100*00 

100*00 

100-00 j 100*00 


No. 1 was barely ripe; the others had been allowed to remain 
far too long unout. 


ANAI.T8KS OP WHEAT-STKAW. 



Oroon 
changing 
toyellow. 
County 
Kildare. 
Ho. 1. 

Bipe. 

County 

DobUn. 

Over 

Bipe, 

Count; 

Dublin. 

Obtained in the Dublin 
Markets. 


Ho. 2. 

No. 3. 

1 

Ho. 4. 

Ho. 5. 

Ho. 6. 

Water 

13*00 

13*15 

12*14 

10*83 

11*22 

12*12 

Flesh-forming princi¬ 
ple— 

i 






a. Soluble in water 

1*25 

0*98 

0*44 

0*06 

0*42 

0*30 

b. Ineoluble in 




1*90 

1*00 

1*78 


1*26 

1*40 

1*41 

Oil . . . . 1 

1*22 

1*13 

1*14 

0*90 

1*17 

1*08 

Sugar, gum, and other 



3*88 

4*08 

3*89 

4*30 

fat-forming matters 

4*18 

3-98 

Woofly fibre . . ; 

75-84 

76*17 

77*76 

78*67 

79-18 

77*15 

Mineral matter (ash) 

3*25 

3*19 

3*23 

3*61 

8*12 

3*29 


100*00 

100*00 

100*00 

100*00 

100-00 

jlOO'OO 


With respect to their nutritive value straws stand in the 
following order, the moat nutritious being firstFea-haulm, 
oat-straw, bean-straw with pods, bsriey-straw, wheat-straw, 
boan-stato without the pods. 

Hay consists of a different admixture of dried natural and 
artificial graaaes, and its composition is consequently veiy 
variable. Aooording to Yoeloker, the following represents the 
average oomposition of meadow-hay, as deduced from twenty* 
five analyses of it *. — 


Water 





. 14*61 

Flesh-formers ' . 





8*44 

Fat-formers 

s 




. 43*63 

Fibre . . 

• 




. 27*16 

Ash . . . 





. 6*16 

100*00 


Aooording to Way, the herbage of water-grass meadows Is 
richer in nutritive matter than that of dry m^owa. 

Aeoording to X>r. Anderson, the oomposition of olovet hay, oC 
the second cutting, k as fdllcws 


Water. . , 

Flesb-loiauts 


Fat-formers and fibre . 
Ash . . . . 


. . . 16*84 

# . . . 18*58 

. . 64*43 

. . . ■ . fi-a 

100*66 


There does not appear to be ssy SSH^maae frilwden fits toi* 
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pjHdtton of tits flzst tad second cattinM of liSiy, if both be saved 
xtnder tiie saane ooaditiona. Ha^ shonld be ont before the plants 
ripen faB]r» and even before they flower: enramoos losses of its 
nutritive ptinoipld take place from the Ireqneat practice of allow* 
ag it to remain in the field for days sad weeks exposed to rain 
and sunshine. In beland a oempetmit authority estimates the 
loss from this source at a fifth part of the whole crop. 

Boot$ and Tuberg.—*Eb» majority of roots used as oattlo food 
possess but very little nutritive power, but the g^reat quantity 
in which they are produced renders them a moat important and 
indeed an almost indispensable element in the production of beef 
and mutton. Tabers are for more nutritious than roots, but 
the potato is the only tuber generally used in stock-feeding. 


aNaiiTBKS or boots and tubjobs. 
(By Yoeloker, Anderson, and the Author.) 



Swedish 

White 

Qlobe 

Aberdeen 

TeUow 

Korfolfc 

BeU 

White 

Pars- 


Turnip. 

Turnip. 

Turnip. 

Turnip. 

Beet, 

nip. 

"Water 

80-460 

00-430 

00-573 

02-280 

83-0 

82-00 

Flesh-fonnen 

1-443 

1-143 

1-803 

1-787 

2-5 

1-30 

Fat-formers. 

5-03S 

5-457 

4-633 

2-962 

ll’S* 

7-76 

Fibre . . . 

2-542 

2-342 

2-340 

2-000 

2-0 

8-00 

ksh . . . 

0 623 

0-G28 

0-640 

1-021 

1-0 

0-95 


100-000 

100-000 

100-000 

100-00 

100-0 

100-00 





Potatoes. 





KoM 

BaU. 






Carrot. 

Bo^entie 

Bslma- 

hova 

Kerry 

Blues. 

Water . . . 


88-50 

87-62 

78-32 

75’91 

76-60 

Flesh-formers 

. 

0-60 

2-24 

2-37 

2-25 

2-06 

Fat-formers . 


lO-lb 

< 7-78 

14-96 

15-53 

14-88 

Fibre . . . 

• • i 

i 1-34 

5-53 

5-21 

5-41 

Ash . . . 


0-72 

1-22 

0-88 

0’81 

0-91 



100-00 

100’20 

100-06 

99-71 

99-89 


£fseds.—The most oonoentraied and valuable food is that 
furnished by seeds. Not only do they contain very large 
amounts of “ dry substances,” but their ingredients are in tho 
highest degree elaborated or organised, and therefore they can 
be most easily assimilated by animals. 


ATSKaOE ANALYSES OF OBAIN. 



Barley. 

Beie. 

1 

1 

Oat¬ 

meal. 

li 

i 

'S 

O >5 

K.a 

«£ 

Buck¬ 

wheat. 

Water . 

• 

18-0 

14-25 

X4-C 

13-00 

! j 

14-S 

14-0 

16-0 

14-19 

Fletii-formeta 

• 

10-6 

10-10 

11-5 

16-00 

lO-O 

6-3 

9-0 

8-58 

Fat-formen , 

» 

67-0 

64-60 

64-5 

68-00 

69-0 

77.5 

1 66 0 

61-91 

Woody fibre . 

* 

3-5 

9-03 

7-0 

1-76 

5-0 

2-5 

e-0 

23-12 

Uinenil matter 

■ 

3-0 

2-02 

3-0 

1-25 

1-5 

0-7 

1-0 

2-20 


J 

100-0 

100-00 

100-0 

100-00 

[l0(M) 

100-0 

100-0 

100-00 


Oat-giass is the most nutritions of tho seed consumed by 
stock. The white kind is oonsiderod the best. The husk of 
this grain is very infmor to wheat-bran, and oat-toppings are 
generally not worth the price at which they are sold. Indian 
com is a good food, and from its large amount of reody-formod 
fatty matter it is wdl adapted for dairy cows and bullocks in 
stalk. It is excellent food for pigs. Barley is inferior to oats, 
but still bsrley-meal is an excellent food, and barley duet is 
often a cheap feeding-staff. Barley husks should, not be given 
in an uncooked state, as they are apt to irritate the digMtive 
' organa. Wheat is not often given to cattle; it possesses a very 
high degree ol nutritive power, and its bran is an excellent 
feedlng-stuif. Malted barle^is a good food for miloh-oows, but 
It is donbtftdif any advantage be derived from oonverting barley 
into salt lUt combs, or dust, under per ton may be 
ngwdsd as tfiteap. They are very rich in albuminates. 


Leguminous seeds are rich in flesh-forming elements, and 
th^ ore consequently adapted for young stock. They are 
Undbtg, and therefore most not be lately need, nnlees th^ are 
combined with some laxative material. These seeds contain 
from 23 to 26 per cent, of flesh-fmrmers (chiefly legvmine or 
vegetable oaseine), from 47 to 50 per cent, of fat-formers, and 
about 10 per cent, of woody fibre. The different kinds of legu¬ 
minous seed hardly differ in composition. 

Oil Seeds (linseed, rape-seed, hemp-seed, and oottim-seed) are 
not muoh used as cattle foods on account of their high price- 
H>oy oontain from 31 to 37 per cent, of oil, 22 to 32 pex cent, of 
ulbnminates, and from 24 to 35 per cent, of non-nitrogenons 
substances. Oil Cakes consist of the residue of oil seeds from 
which a certain amount of oil has been expressed. The fol¬ 
lowing is their average composition :— 


AVERAGE COKFOSmON OF OIL-CAKES. 



Xinseed 

Cake 

(Euglisb) 

Bapa 

Calm. 

Decorti¬ 

cated 

Cottonseed 

Cake. 

Poppy 

Cake. 

Water . . , • . 

12 

11 

9 


Flesh-forming principles 

28 

30 

38 


oa. 

10 

11 

13 


Qum, mucUage, etc. 

34 

SO 

23 


Woody fibre .... 

10 

10 

9 


Mineral matter (ash) . .. 

6 

« 

8 

L~. 


100 

lOO 

100 

100 


Linseed-eako is a very valnablo feeding-stuff, greatly in use, 
and more especially in completing the fattening of oxen. The 
cake should have a reddish-brown oolonr, a nnifotm appearanoe, 
and a rather agreeable flavour and odour. The adulterated 
coke is generally greyish, and often has an unpleasant odour. 
It is sometimes adnlterated with earthy matter, in which case 
its great weight will betray tho nature of tho impurity. If 
about i oz. bo powdered and mixed with a email wine-glassful 
of water, the jiaete should bo moderately stiff, light-coloured, 
and well-flavoured. If, on tho contrary, tho paste bo thin, it is 
probably adulterated, in which case bran or grass-soeds are 
probably present. By means of a small, mognifyieg glass grass- 
seeds and other imparities may readily bo detected if present in 
tho paste. 

Bapo-cako is not so well flavoured os linseod-cnke, and 
although it contains rather more oil and flesh-furmors than the 
latter, its oommercial value is more than one-third loss. There 
exists considerable difference of opinion relative to the nutritive 
properties of tape-cake, some feeders believing it to bo fully 
equal to linseed-cake, whilst others think it dear at half the 
price of the latta. Kapo-coke often contains a large prox>ortion 
of mustard, and it natiually inolndos an acrid substanoe which 
ronders its flavour imploasant. These ore often the cause of 
the failure of rape-oake as a food for stock. When, however, 
the oake is free from mustard and of good qu^ity, there is no 
doubt as fb its being a more oaonomiool feeding-stuff than 
linseed-cako. ',It is mnoh improved by being thoroughly 
steamed, and the addition of a little molasses tenders it very 
agreeable to oattle. 

Palm-nut mool is a very fattening food, containing from 14 to 
17 per cent, of fats, from 17 to 20 per cent, of albnminatcs, and 
about 52 per cent, of non-nitrogenons matters. Taking into 
account its high per-oentages of nutritive matorials, it is a 
oheap food at its present prioe. It js largely given to pigs, but 
oattle at first do not nsuidly relish it on account of its strong 
fiavonr; however, tl){^ soon acquire a fondness for it. 

CondimcMal Foods consist, in general, of mixtures of loonst 
beans (an article which contains nearly lialf its weight of st^r), 
Indian oom, or other grain, and certain aromatic ingredients. 
^]^e following formula will bo found as good as any s—-linseed- 
meal or cake, 7 owt.; loonst beans (ground), 8 owt.; Indian oom, 
4 owt. 1 qr.} powdered tnrmeric, 1 qr. 141b.; ginger, 31b.; 
fenugreek seals, 2Ib.; gentian, 101b.; cream of tartar, 21b.; 
sulphur, 201b.; ooriander seed, 51b.; common salt, 101b.=l 
ton. This will be found a better and cheaper preparation for 
horses out of condition, and for bullooks in the last stage od 
fattming, ol &e eonuneroial “ O M i d imwit a l fbods.” 
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TECHNICAL DRAWING.—LL 

GOTHIC BTOHSrWOBE. 

Fia. 448 is an example of an otolx taken from the triiorimn 
aroade in ‘&e north transept of the cathedral at Chester, pro* 
behly one of the most anoient of the Norman portions of the 
edidce. It vonld be described arahiteotnrally as a “aemi- 
oitcalar arch of a single order, with square edges ”—the term 
ordw ’* b«ng in this case used to designate the course of 
stones of which on arch is formed. 

Fig. 449 is a sketch of the spring of the tower arches of St. 
John’s, Chester, showing the method of construction. There are 



three oonzees of Toussoirs, forming three receding faces. These 
arches would be describe as of “three orders with square 
edges i “ or simply as “ triple recessed arches with square 

edges.’* 

or TBS OBIOIN OT HOtTLI^GS. 

The flrrt step towards the introduction of monldmga appears 
to have aziseo from the desire to do away with the massiTe and 
rude appearanoe of the square edges, and to lead the eye 
gradually from the ftont plme of the wall to the oentral plane 
^tho aperture, instead of >y the sudden st^like rims which a 
aodes of *' square-edged orders ’’ presented. 

1^0 simplest wi^ cf doing tto is by cutting away or re¬ 
moving the square edge. An arch of two orders with ehahi- 
fsesd'Odges is shown & Fig. 4&0. It is taken from tiie mins of 
tbe' prii^ aitiks east emu of St. John’s, Chester. It is, hov- 
ever, mmAAls, obearvoi the Bet. T. N. Hutehinson (whose 


excellent leoturee and writingB on Hiis special seotioa of the 
subjeot are often referred to), “ that, shuple as this method 
is, it does not appear to have been the first resorted to. The 
aroh in question is of late date tor Norman* work, it indeed 
it be not of Transition oharaoter. It is also remarkable that 
this way of removing the square edges of two or three -orders 
continued in use during sll the subsequent sfylea of Qothio 
arohiteoture.’’ 

The earliest attempts at removing the plainness of the cham¬ 
fered edges oonsisted in simply rounding them off, thus giving 
the appearance of a heavy semi-cylindrical ring. 'Kie first of 
the t^e orders, or “sub-arch,’’ as it would be correctly called. 



is frequently found rounded off in this way. There is a good 
example in ^0 south aisle of the choir of St. John’s, Chester, a 
^section of which is illustrated in Fig. 451. A more effeotnal 
way, however, was generally followed. Instead of simply 
rounding off the edge, a portion of the stone on either side waa 
out away, thus leaving the eylindriosl roll clearly defined, and 
affording a more decided effeot of light and shade. Fig. 452 is 
on example of this method; it oeonis in an aroh in &e weet 
cloister of Chester Cathedral, formerly leading to the abbot's 
apartments. In this figure it will be observed that two of the 
orders are left witit the square edges, the first or snb-sroh <mly 
having the moulding lefenced to. The medimvsl name of this 
moulding is the “ bowtell,” but it is more frequeutiy spoken-^ 
as the “ Ncnman edge-roll.’’ 

The roll moulding with side hollows appeirs to have hsea 
the only attempt at this kind of deocCation in mb among the 





SiJNITABY ENGXNEEBING. 


41 


aMljr ITontuaat annhiteotB. !ni«j’ oonfined iheir ingennity to 
omMiantlng the flat snrfaoeB of their afcobea vitih rnda aoulp* 
tore, aad axehM of two or more orders axe oonetantly found, in 
rrhieh the entire enrfaoea axe oovered wilh bands of omamenta : 
in aojae, aa the veat door of Boeheater, the entire aemi-oironlar 
apace (or tympanum) betwem the ex^ and tiie epringCjie is 
fOled in with e^ptore. 

One law, howerer, perradea all tiie Norman mouldings. 



They ore inTaxiably arranged on rectangular facoa, ao that two 
lines at right angles would exactly touch the front face and 
under portion of ^e moulding. 

Those planes hare boon distingniahod by Mr. Faley as the 
wall plane—^that is, any plane, A a (Fig. 453), parallel to the 
main wall; tho soffit plwo, b, or any plane at right angles to 



the face of the wall; and the chamfer plane, c, or such piano 
(Fig. 454) as is generally, but by no means invariably, placed 
at an angle of 45f with the two pianos before mentioned. 

Norman Piers .—Tho piers usually employed in the Norman 
period are of four kinds:—, 

1. Bound, masaire, columnar piers, which have aometimes a 
round and sometimeB a square capital. They are sometimes 



plain, and aometimes ornamented with channela in various 
forms t some plain zigzag, some Uke network, and some spiral. 
Ihey axe met with of voriaua hejghta, from two to six, or even 
seven diameters. 

2. Mhltanf^ilax. Oenerally ootagonal, as if the pier bad 
been originBlly square, and the onglw chamfered off a« in the 
ease of the monlffimga. Those axe often met in connection with 
arches’ mCre or leaa pointed. 


3. Common piora with shafts. Ihsse have sometimes plain 
capitala, but are sometimes much ornamented with rude foliage, 
and occasionally animals. The shafts ore mostly set in squaia 
recesses in the angles of square piers. 

4. A plain pier, with p^ectly plain aemi-dronlax arehas in 
two or three ^visions. 

Normim oa^ttds are of great vsxiety of ohamoter. Some 
ore mde and unskilful imitations of olassioal examples, but the 
most common is the “ cushion capital ’’ (shown in Fig. 448). 
This is of onbioal form, being rounded at the lower end to meet 
the abaft, the profile exf the curve presenting aomewhat of the 
appearance of the ovolo moulding. Sometimes the capital oon- 
aiata of many such figures of small dimensions, placed aids by 
side (Fig. 455), the flat surface presenting a scalloped ^peax- 
once, and beneath each of the scoops is aland of inverted eone 
whioh meets the neck mould of the shaft. Some have inter¬ 
laced bauds and some foliage oorved in slight relief, whilst 
others are sculptured with grotesque representations of men 
and animals. Hg. 455 from St. John’s, Chester, and Fig. 456 
from Waltham Abbey Church, Herts, are examples of the 
capitals alluded to. 

Flig. 457 is a feature of common ooonrronoo in Norman arobi- 
tooturo. This is tho moulding of the square abacus over tho 
flowered or cut part of the capital. It consists of a broad fillet 
or hollow, separated by a sunk channel, and it is sometimes 
continued os a tablet along the wall. 


SANITARY ENGINEERING.—XIII. 

VENTILATION ON PUBLIC BUILDINGS. 

In onr last paper wo treated of what may be oalled domestio 
ventilation, and noticed various appliances tor tiio admission 
of fresh air and the exit of foul air in apartments used for 
ordinary residential purposes. In tho present article we propose 
to deal with public buddings gonoially, and to give a few data 
aa to the best moans of obtaining efficient veutilatiou under 
all circumstanoes. 

'When a room is used for residential purposes the conditions 
of the atmosphere vary oompaxatively little, tho difference 
between winter and summer or fire and no fire probably 
roprosenting tho extremes to bo provided for. But in public 
bidldings tho case is very difi'orent—tho audience in theatres, 
the congregation in churches and chapels, occupying the build¬ 
ing perhaps for an hour or two only, and changing entirely 
tho atmospheric position of the contents. 

Perhaps there is no single budding to tho ventilation of 
which more attention has been paid than to the House of 
OommouB. Hero we have a large andienoo—aa tiie members may 
perhaps fairly bo oalled—occupying tho budding not only for 
an hour or two, but often for many hours in sttooession, some¬ 
times almost throngh the night; and tho warming and ventilating 
of what wo may venture to call one of tho most important of 
ail rooms or chambers has oooupied the attention of many of 
the first scientific men, both of this generation and aomc pre¬ 
ceding it^ Sir Humphry Davy made this matter the subject 
for a spouial report; the Marquis de Chabannes projected a 
special scheme for the purpose in the early part of the present 
century; whdo more rccontiy it became a subject upon which 
Dr. Bold was especially engaged, and on which ho has published 
an octavo volnmc to which we axe indebted for aomo of our 

Tho heating and ventilation of the Hortse, aa it will bo readily 
understood, are dependent upon each other, and arrangements of 
the most elaborate and oomplioated kind were made by wb^ 
they might be under the most complete control, the admi^on 
of warm air regulated by a valve under const^mt snpetjisioii 
and instant command being a leading feature in tte scMme. 
The only departure from tiie general principles Iwd down m our 
previous paper was that the vitiated air, 
chamber above a glass ceding purposely cons^otM, was 
first down to tho ground level by a desoending abaf^and then 
ditoharged throngh a hrfty fine specially erected to purpoae 
at a oonsidetablo height in the air. Cei^ oonatmobOTid 
ditiona led to the adoption of the plan ! but 
than here quote Dr. Beid's opinion (page 282 of the edi^ 
of 1844)That in bnildimaconstruoted originally witii a view 
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to it is desitable to have no ietemt of warn air.” 

Anytfaiiir ajpproBofaiBg a detailed aooount of th»Taxioiu portions 
of the ^^tem is entirely beyond the limits of onr present spaoe: 
sre may, however, quote a few of the reanlts arrived at by 
aotnal experiments, as vslnable data for parallel nndertakingB. 
A lAamber was provided for moistening, drying, and cooling 
the air { besides the heating apparatns, arrangements were also 
made, by introdnoing the fresh air throngh a ganze veil, to 
prevent the entry of any palpable portions of soot ; and every 
cage was taken to prevent tbe aoaess of offensive air from 
drains, from the river, or of the various sonroes of offence to 
which the peonliar situation of the House of Commons renders 
it so exceptionally liable. As a praotioal point wo may note 
(page 294), that the Honse is heated to 62'’ before it is opened, 
and maintaitted in general at a temperature of 63*' and 70°, 
according to the velocity with which the air passes through the 
House. Knowing the oonatout attention paid to the subject, 
the tempotature of the House became a oouatant eubjoot of 
disonssion. We may imagine the difference of foeling between a 
weakly member, who had been sitting long in the Honse and 
had not dined, and a healthy man just come in after dining 
at his blub. In practice the following system was adopted: 
all oomplaints on ventUation questions oamo gradually to be 
addressed to the serjeant-at-arms, who regulated the tempera- 
tnie by the wishes of the majority. 

A similar series of diffioultiGB has also been encountered in 
the ventilation of the House of Lords, and dealt with upon the 
same general prinoiplos. 

We now propose to make a few remarks upon some of the 
errors most oommon in the ventilation of ohnrches, chapels, 
and similar buildings which create the draughts that are so 
often a aubjeot of oomplaint. A common practice is to depend 
upon opening a window tor the admission of fresh air when 
the temperature rises above a oertain point. What is the oon- 
Boquenoe f A column of air is admitted muoh colder than the 
bo^ of the atmosphere of the building itself; it einks more 
or lees rapidly, as a natural consequence, and every person 
■itting within its range feels the draught. If the body of air 
were admitted by means of distributed openings below or at 
the floor level, the temperature oopld be regulated by a thermo¬ 
meter to tbe greatest nicety, with the oertainty that the heat 
of the upper strata would very soon make its escape, carrying 
with it the deleterious remaneta of respiration and combus- 
tioB. Lateral ventilation, therefore, or the opening of opposite 
windows with a view of creating what is popularly called a 
thorough draught, should never bo attempted in 'publio bnild- 
ings. The temperature will, of oonrso, vary at different levels; 
the portion that may be taken as a guide to the whole being 
that oooupied by the audienoe. In ohurohee where there are 
no galleries the matter is very simple, os the seotien of height, 
if we may so describe it, which contains the pews and the pulpit, 
has only to bo considered; and if this is kept at a comfortable 
tempoiatore, it is evident that the heat of the nppor portion or 
the cold below the floor are eqnaUy matters of indifference; but 
of tiiis we may be sure, that any opening of windows, which 
from the necessary architeotursl conditions to be preserved 
are hs above either level, will be immediately evldonfeed by a 
direct down draught. Another error, often committed, is the 
wMmUed supply of air from below. As on instanoe, we may 
mention a well-known church at the Weet-end, wUch was 
erected within the last few years, and has been notorious for 
•what may be called the impossibiliiy of wanning it. The 
wanning prooess in this ease was carried out by worm water 
on ihe principle explained in our paper, Ho. IX. The area of 
the pi^pw provided was barely sufficient to sustain the requisite 
temperature for oomfort in ordinary weather, and the oniious 
error was committed of admitting an nnlimit^ supply of odd 
air into tite hasemmit of the building; the natural result fol¬ 
lowed. As soon as the air became warm by the hot-water pipes, 
it rose to the'Tod and escaped, and the openings below were 
BO ample that it was diffiodt to raise the atmosphere of the 
bo^ ot the ohorch luuiy degrees above that of the external 
air. When there is a f^ety in a church, or more than one, 
1 ^ wsometimes the caae, the oonditiotta 'then to he dMlt with 
ampgniii^ those of a Iheatre, where tiie audienoe occupy the 
vwla'l^poosj as we may tny, fton flow to eeiling, and where, frmn 
f&e oemlNtt rq^ening of doors at dti ferent levels, the bstlaaoe of 
wmtBsoo M t a Bl Iy distnrhed. Wkohaanot 


noticed the rhsh of cold air into the body of a crowded honOa 
whentite doors are opened between thaaotsf There is vary 
little difficulty in the warming of theatres, but nraoh in their 
ventilation. It only remains to lay down tiu gensral principle 
that the alt heated, whether by natnral at artificial causes, 
naturally ascends, carrying with it its oarbonio acid gas; and 
that by a proper attention to egress and ingress thstempentnre 
of a theatre can be rognlaied with the same nioety as that of 
on ordinary room. The grand motive power in all oases is the 
rise of the heated air; and in some oases, in dealing with theatre 
ventilation, it may be desirable to have exits at various levels for 
the benefit of different ranges of boxes, whioh may also be 
provided with fresh air in a similar way. We may notioe, as a 
case of tho recent adoption of this principle, the private boxes 
of Evans's, Covoni Owden, each of which has its own separate 
open flower ventilator in the centre, oommnnicating direct, by 
means of a zinc pipe, with the external air. 

We have often thought that if efficient and well-oonsiderod 
arohiteotorol arrangements were made in tho first instaaoe, and 
a very moderate outlay inonrred in the onrrent expense of a 
amaU intelligent staff, whose duty it should be to regulate the 
tomporaturo of the various parts of tho house as airoumstanees 
might dictate, muoh, if not all, of tho inconvenienoe often 
oomplainod of as to the ineffioient ventilation and unwholesome 
atmosphere of our theatres and similar buildings might be 
altogether obviated. 

Another class of publio buUdings is far mete readily dealt 
with; we allude to reading rooms and museums. In these cases 
artifloial warmth is always required at some periods of the year 
in this ollmate, either for the oomfort of the readers, or for the 
preservation of specimens either of natnral history or similar 
objects from tho effects of our damp atmosphere. The warming 
may be effected by any of tbe methods describod in onr 
previona papers—a most desirable result to bo obtained being 
that the fresh air should be warmed before it is admitted from 
below, that it should gradually rise as muoh as possible without 
draught to the ceiling, and thence to the external air. It is by 
no means an uncommon mistake to be content with providing 
an exit from the coiling into the open spaoe within the roof; this 
is by no means always sufficient, as the system generally adopted 
now-a-days of covering roofs with felt under tho slates renders 
them in point of fact more hot-air chambers, from which an 
accidental down-draught may send down tlie vitiated air upon 
tho inmates below. A shaft, and, if possible, of some consider¬ 
able elevation, should always be provided at the highest point of 
the building for the general escape of fonl air; and if the smoke 
flues of the building ore built in conjnnotion but not in com¬ 
munication with it, their warmth will materially assist the np- 
dranght. This point wo shall not enter on further at present, 
as in our next paper on ventilation of hospitals wo shall go 
iuto it upon a more extensive scale. 

In oonolnding our present notioe we have only space for a 
passing allusiou to the ventilation of ships’ decks, whioh, 
though not striotiy within out limits, is most important and 
interesting to a largo section of the oommnnity, as it bos been 
well known for many years that the sleeping aooommodation 
of a large proportion of onr seamen is most deficient in this 
respect. The hammocks in many cases ore swung between 
decks as near to the upper dock as may be, often above the 
portholes. Tbe same resrits aooordingly occur as we alluded to 
in onr last paper on Hi-ventilated rooms: the upper section of 
the air becomes thoroughly vitiated, s^d iu ease of change of 
watch in hod weather, men have to pass at onoe from this 
heated atmosphere, probably in a state of profnse perepixation, 
into the external air, whioh may he at a tomperatnre below 
the freezing point. A careful attration to the gen«al prinoiples 
laid down above, into the meohanioal details, however, of whioh 
we have not room to go, will enable all these diffienltiea to be 
obviated—provided for in the ori^nal oonstmotion of tiie 
vessel—at oomparatively moderate expense, eepeoiaUy in the 
ease of steom-i^ps, where the heat generated by the boUers, 
eto., may he made available as the motive power of. a most 
efficient system of ventilation, exteiq^ing thxqpgh evny put of 
the ship. 

We shall in our next paper deal with the method OF .vept^ 
tion of hospitals; and as we oonsidet tiia eubjeot of spetiat 
unportanee jnst nowtwe eliaU aadeavoorto give dutaila 
some two or three wa largert Loader hoiqlitWs.. 
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NOTABLE INVENTIONS AND INVENTORS. 

XXII.— XHB KXBQUI8 OF WOBCBSTEB ABO HIS 
"CBHTUET OF INVENXIOMS.” 

ST JOSS TIKES. 

Edwabo Sovbbset, sixth Earl and second Marquis of Wor¬ 
cester, the celebrated epecnlatire mechanical inTontor, stands 
almost isolated in Ihe British peemge, bat he has the superior 
hononr of being regarded as one of the chief inventors of the 
steam-engine. Living in the time of the Civil War, ho took 
part with King Charles I., who visited the Marquis several times 
at his castle of Baglan, the picturesque mins of which admiring 
topographers to this day regard as “ a romance in stone and 
lime.” The King invested Woroestor with the command of a 
large body of troops; but his bravery and devotodness to the 
ro^ cause failing in Ireland, he embarked for hVance, where 
he attached himself to the suite of Charles II., who then resided 
at the French Court, and in the following year dispatched the 
Marquis to London to procure private intelUgenoo and supplies 
of money. He was, however, speedily disoovored, and com¬ 
mitted a close prisoner to the Tower of London. He was much 
attached to scientific pursuits, which aooidont is said to have 
directed in a proper course. It is related that, one day 
preparing some food in his apartment, the closely-fitted cover 
of the vessel was, by the expansion of the steam, suddenly 
forced off, and driven up the ohimuey. It then occurred to him 
that the same power might be applied to useful purposes; and 
the germ of the lesson was treasured in the first mannsoript of 
his “Century of Intentions,” whioh he wrote in Franoe, but 
lost. He, however, re-wrote the work after bis committal to 
the Tower, as inferred from a manascript now in posseesion of 
the Beaufort family, whioh opens thus:— 

“A Cbntoby of the Namhb and Scantlikos of suck 
liTVEtlTIOSa 

08 at present I can oall to mind to have tried and perfeoted, 
which (my former notes being lost) I have, at the instance of a 
powerful friend, eudoavourud now, in the year 1655, to set 
these down in snoh a way as may euBioiently instmet mo to 
pnt any of them in praotioe. 

“ Artis et Natural proles.” 

Lord Woroestor was set at liberty at the Bostoiation, and 
produced a working machine. In 16C3 appeared the first 
edition of the “ Century of Inventions and in the same year 
Parliament granted to Worcester and his snocessors the whole 
of the profits that might arise from the use of an engine 
desoribed in the last article in the Century.” Ho likewise 
published his “ Exact and True Definition of the Most Stupen¬ 
dous Water-commanding Engine,” in a small quarto volume, 
oonsisting of only twenty-two pages, whioh is now extremely 
rare. His lordship survived the publication of his work but two 
years, as be died in retirement near London in 1667, and hie 
remains were interred in the cemetery of the Beaufort family, 
in Baglan Chnroh. 

The “ Water-commanding Engine” ie desoribed in the “ Oen- 
tnry” (No. 68) as “An admirable and most forcible way to drive 
np water by fire, not by drawing or sacking it upwards, for that 
must be, as the philosopher oalloth it, infra sph(m-am acUvitatis, 
whioh is but at snob a distanoe. But this way hath no bounder, 
if the vessel bo strong enough; for I have token a piece of the 
whole oannon, whereof the end wae burst, and filled it three- 
quarters full, stopping and screwing up the broken end, as also the 
tondh-holo j and making a constant fire under it, wiiMn twenty- 
four hours it burst and mode a great oraok; eo that hanng 
found a way to make my vessels, so that they are strengthened 
by the foroe within them, and the one to fill after the other, 
have seen the water run like a constant fountain stream, forty 
feet high. One vessel of water, rarefied by fire, driv^ up 
forty of oold water; and a man that tends the work has but to 
tom two cocks, that one vessel of water being oonsnmed, 
another begins to force and re&U with oold water, and so snooes- 
stvaly, the fire being tended and kept eonstont, which the self- 
ssime "person mimjikewiBc^ abnndsntly perform in the interim, 
betigeen the necessity of turning tiie said cooks.” 

we now pass on to No. 98 of the “Centnry:” “An engine, 
■e eontoived, that working theprimufa mobile forward orluMk- 
or downwi^ ofreulgrly or oomerwlsa, to end 
I1R>, aliliiillA, iQright (» downright, :iet the pretended opsntiaB 


oontinueth and advanoeth, none of the motions above-mentioned 
bindering, muohless stopping, the other; but nnanimoasly and 
with harifUeny agreeing, ihey all augment and oontribnto 
strength unto the intended work end operation; and therefore 
I eall this a semi-omnipotswf engi ns, and do intend that o model 
thereof be buried with me.” [Whethertbis intentimi wae carried 
ont is nneortain.] 

“ Mo. 99: How to make one ponnd weight to raise an hun¬ 
dred BO high as one pound falleth, and yet the hundred pounds 
deeoending doth what notidug less than one hundred pounds 
oan effect.” 

“ No. 100: Upon so potent a help as these two last-mentioned 
inventions, a waterwork is, by many years' experienoe and 
labour, so advantageonely by me contrived, that a ohiid's force 
biingeth np, an hundred feet high, an inoredible quantity 
water, even two feet diameter. And I may boldly oaU it the 
most stupendous work in the whole world; not only with little 
oharga td drain all eorta of mines, and furnish cities with water, 
though never so high seated, as well as keep them eweet, mn- 
ning throngh several streets, and so performing the work of 
Bcavengers, as well as furnishing the inhabitants with soffioient 
water for their private ocoaeiona; but likewise supplying the 
rivers with sufficient to maintain and make navigable from 
town to town, and for the benefit of lands all the way it runs; 
with many more advantageous, and yet greater effects of profit, 
admiration, and oonsequence ; so that deservedly 1 deem this 
invention to crown my labours, to reward my expenses, and 
make my tbonghte acquiesce in way of further inventions; this 
making np the whole ‘Century,’ and preventing any farther 
tronble to the reader for the present, meaning to leave to 
posteriiy a book wherein, under each of those heads, the means 
to put in execution end visible trial all and every of these 
inventions, with the shape and form of all things b^onging to 
them, sball be printed by braes plates.” 

Mr. Partington, in his edition of the “ Century of Inventions,” 
then notes: ” The last three inventions may jnstly be oonsidered 
08 the most important of the whole Century, and when united 
with the 68th a^cle they appear to sag^gost nearly all the data 
essential to the oonstmotion of a modem stoam-engme.” The 
noble author has famished ns with what he calls a “definition” 
of this engine. It is exceedingly rare, oa the only copy known 
to be extant is preserved in the British Mnsoum. It is printed 
on a single sheet, without date, and appears to have been 
written for the purpose of proouring snlworiptions in aid of a 
water company then about to be established:— 

“ A stupendous or a water-commanding engine, boundless for 
height or quantity, requiring no external nor even additional 
help or force to bo set or oontinuod in motion, but what in¬ 
trinsically is afforded from its own operation, nor yet the 
twentieth part thereof. And this engine oonsisteth of the 
following particulars- 

“ A perfect counterpoise, for what quantity soever of water. 

“ A perfect countervail, for what height soever it is to be 
brought unto. 

“ A primum mobile, commanding both height and quantity, 
regulator-wise. 

“ A vicegerent or countervail, supplying the place and per¬ 
forming the foil force of men, wind, beast, or mill. 

“ A helm or stem, with bit and reine, wherewith any child 
may gnido, order, and control the whole operation. 

“ A particular magazine for water, aooordix^ to the intended 
quantity or height of water. 

“ An aqueduct, capable of any intended quantity or height 
of water. 

“ A place for the origiaal fountain or river to ran into, imd 
naturalUy of its own accord inoorporato itself with the rising 
water, and at the very bottom of the aqueduct, though never so 
big or high. 

“ By Divine Providence, or heavenly inspiration, this is my 
stupendous "Water-commanding Engine, boundless for height 
and quantity. 

“ Whosoevaris master of weight is master of forod; whoso¬ 
ever is master of water is master of both; and, oonseqnently, to 
him aU forcible aotionff and ntohiovemonts are eaaie.” 

Lord Worcester’s engine was exhibited in operation in ti>e 
year 1666, Kben the Gband Duke of Tnscany visited England, 
at whioh time the marquis was a dose prisoner in the Tower, 
It vne riunm at Lsntbetii, os tims reoordod in ike Grand Bdka’a. 
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THE TEOHNIOAL EDUOATOE. 


i SinBighiiMa went “ beyond tite Fklnoe of the Arohbiahop 
tit OpoifMdyaxy to we an bydtenlio maohiue. Javented by ay 
ZiOid Bmmaat, Marqoia of Woroeater. It raiaea water more 
tiuua forfy geometrical faet by the tone of one man only; and 
in iiTBiy abort muMse of time will dzaar np fonr vewelB of water 
Ifarongh a tnbe or ohannel not mote than'a apan in width.” 

It waa, nntil of late yeora, aaaertod by the French that Lord 
WoroeatOT took the idea of his engine from De Cans, engineer to 
Looia Xm.; bnt the only evidence waa a letter, written to anit 
am engraving originally deaigned to illnatrate a tale of flotion, 
wid tiiia letter has bwn oonolnBively proved to be a forgery. 
Dr. Lardner has anggeated that in ^e oontrivanee attribnted 
to De Cana only one vessel was employed; whereas in Lord 
Worcester's oontrivanee steam was employed in the some 
manner as in the engines of the proaeut day, being generated in 
one veawl, and need for meohanioal pnrpoaea in another, upon 
which depends the whole praotioability of naing steam os a 
mechanicid agent (aao “Wondorfnl Inventions,” 1868). Pro¬ 
fessor Millin^n has demgned an engine on similar principles 
to those of Worcester’s engine, which, with a few alterations, 
might be made available for the same purposes. Professor 
Millington’s design is engraved and expired in Partington’s 
edition of the '* Centnry.” Among the drawingfs in the Patents 
Mnaemn at South Kensington is ” No. 75. Colonred Drawing 
of the Marqnis of Worcester’s Steam-engine, 1663.” 


CHEMISTRY OP THE FINE ARTS. —III. 

By Protestor CunBOB, Boyal Agrionltunl Collogo, Cirencester. 
CHEMISTBT OP FIXBD DEVINO OILS—VOLATILH EBBBNTIAL 
OILS — M APBTBA, PBTBOLBIIM, PABS PPINB — AMBEB,, 

DAXMAB, AND OTHKB BEBIltB—^VABKISHKB. 

Ik nsing the pigments which have been described in tbe two 
preceding lessons, it ia necessary to employ some substance 
wbioh will at onoo give coherence to the particles of colour 
amongst themselves, and cause them to adhere to the wall, 
canvas, paper, or other surface to be painted. This substanoe' 
is nanolly a liquid or a solution, and is generally called a veMdc 
or medium. However, it does something more tlion keep the 
particles of pigment in their places, tor it possessoB a more or 
loss oomploto protective power, proserving the ooloors used 
from injurious atmospherio inflaences. We shall first dosoribe 
some of the most important materials employed in the prooesses 
of oil painting and similar methods, and amongst these the 
fixed drying oils claim attention in the first place. 

Fixed oils ore distinguishod from the volatile or essential 
oils by the permanonoe of the dear stain on paper wliioh 
they moke. But the oils suitablo for painting are not only 
fixed, bnt drying; that is, the clear stain on paper, just 
mentioned, becomes hard and ceases to be greasy aftw the 
lapse of a little time. This hardening is attended by the 
absorption of oxygon, and is known as roainifioation. It takes 
place more rapidly the purer the oil; and as the same methods 
of purification ore applicable, to a great extent, to all the drying 
oils used in painting, we may devote a few words to snob methods 
before giving a bri^ desoription of the several oils. « 

If a drying oil, such as linseed, be boilod alone, it thickens, 
becomes darker in oolonr, and if spread in'a tbin film dries 
more rapidly than in its original state. Bnt the process is 
greatly shortened and improved by the addition of certain 
materhds to tbe oil, snob as white 1^, litharge, black oxido of 
mangameBe, manganese sulphate, or roasted white vitriol, 
sine sulphate. L^ compounds have a tendency to unite with 
part of tiie cfil, which consequently contains lead'in solution, 
and as this will be darkened rMdily by many sulphur compounds, 
the use of tead compounds ip the preparation of ril for pietorial 
use is not desirable; tbe dry sulphates of sine or manganese 
are far preferable, a^ when warmed with euitable oSa, yield 
admirable preparations almost free from oolonr. Occasionally 
water has been naed along with these snlphates. Bnt it may be 
stated that whme rapid d^^ying qualities are not required so 
mndh as a pure and cokoriess oil free from randdity (whioh 
|l|(M(authe presence of a&ee acid}, then the following plan 
Wi}r ‘|w auplcysd13is oil is to be shaken np at intervola in a 
lasgtiMt^ witii ttrica its bulk of pure water, a Httle common 
sate and .some finp white rilvernMnd. When the has 

Isparatiiid mnn tte aquedns liq^ it Is to be i^honed off, or 


turned into a separating funnel, and the wsriung psooesa 
repeated on it with fresh water, sand, and saltt thk must bo 
done over and over again, until tiie warit-watw rwnaina dear. 
Finally, tile from wbioh the mnoilage has been now oom- 
pletely abstracted, is filtered through warm freriily-bnrat bone- 
black, whioh removes at once moisture and the last traoes of 
oedonr. Other methods of purifying oil are theseBdl for 
two hours 1 gtdlon of oil, skim it, then add 100 grains of 
calcined ma^esia, and boil again. Mix 3 lb. of oil with a qiiarb 
of alcohol, and keep the mixture in a warm place. 

The fixed drying oils, when pure, oonsiat essentially of o<an- 
binations oallhd glycerides. These are oompounds of the 
residue of glycerine, with the residues of about three or four 
different ocida, such as linoleio, stearic, and palmitic. In other 
words, they oontain glycerine, in which the three atoms of 
replaceable hydrogen, CjHgHgO,, have been replaced by the 
several radioles of these acids. These compomidB admit of 
several isomeric modifications, especially under the influence of 
heat, and are easily decomposed into glycerine and soaps by 
alkalies. The drying oils may bo identifiod by several roootions, 
whioh may be further used to detect any oonaidorable admixture 
of non-drying oils with them. Wlien, for instance, one part 
of rod, nitrio acid, or of nitric add in whioh mercury has been 
dissolved, is shaken up with twelve ports of a non-drying oil, 
such as olivo, the whole beoomes eoUd in on hour or two; bnt 
the presonoe of poppy or nut oil, in traces retards this solidifi- 
oation, and in larger quantities prevents it. As a role, then, 
we may say, that nitric peroxide does not solidify the true drying 
oils. , Oil of vitriol gives ont much more heat when shaken with 
tiiese oils, than when shaken with those whioh do not dry. 

The relative merits of the several drying oils in use are not 
satisfactorily dotormined. Linseed is, indeed, most commonly 
employed, especially in this country, bnt it is a question 
whether poppy and nut oils do not harden more uniformly than 
linseed, and without forming a surface skiu or pellicle. In all 
oases, and with all drying oils, the cold-drawn oils ore superior 
to those whioh have been extracted by heat and pressure oom- 
bined, and whioh are found to oontain abundance of mnmla- 
ginoua and nitrogenous matters very injurious to the quality of 
^0 oil. Some recent methods of extracting oils by the use of 
solvonta, such as carbon disnlphido (bisulphide of carbon) and 
mineral turpentine, yield excellent prodnotB, which, when purified 
as before related, are quite fit for use in painting. 

The following table gives tlie names, sources, specific gravity^ 
and solidifying points of the seven best drying oils :— 


spxc. soun. 


MAXJB. 

Linseed oil 
Nut oil 
Poppy oil 
Hemp oil 
Fir-seed oil 
Sunflower oil 
Gold of Plea¬ 
sure oil 


OBIOIB. 

Seeds of Flax, lAnurn usitatissimum 

ORAVe rOllKTe 

•935 mtnitf 90^C. 

'Walnut, Julians rcfia 

■»a9 

33 

18»C, 

Seeds of Foppy, Fapavsr somm/enun 

•927 


18°C. 

Seeds of Hemp, Cannaliu aattva 

‘931 


28“C. 

Seeds of Pino, Finns svlvestru 

•931 

»• 

S0°C. 

Seeds of Sunflowor, HaHanthus annum 

■925 

aa 

ie“0. 

Seeds of Camdina taima 

•981 


M^C. 


Of the above oils, those of linseed, hemp, and walnut have, at 
the same temperature, 19° C., about the same degree of fluidity, 
whioh is only ^ of that of pure water, while poppy oil ia the 
least fluid of all, being represented by the number 73, if water 
bo taken at 1000. In per-centage oomposition the some oil varisa 
somewhat in the proportions of its three olementa, oarhon, 
hydrogen, and oxygen, aooording to tbe proportion of tea oonati- 
tnent glycerides; bnt the usual numben are fairly represented 
by the por-oentogea—carbon 78, hydrogen 11*5, oxygen lO’fl. 
T||e fixed drying oils mingle readilb^ with benjsole, qiirit of 
turpentine, mineral turpentine, and Other, bnt are oib3j partially 
aolnble in cold spirits of wine. 

The esaential oila apphoahle for painting are fi» from 
nomerous, while thoae actually employ^ are two only, thaae of 
turpentine and spike. It may be adviaable to say a few wotdb 
on the dietinotive oharaoters of esaential oils, before describing 
the preparation and piopertiea of thoae with which tim printer 
ia more partionlarly oonoemed. Fasential oila^are all voiLritea 
when freshly prepared ; indeed, ihefr method tA pr^wratioa, 
usually distillation, inv^^ea this. Bitt they diffw temarkai^ 
in composition, acme beteg hydrocarbons, oontainiiig tiwMfrea 
nothing but carbon and ^drogen; othara containing osy^ 
wall; and a third serieB oontaini&g anlphnr,.and aome&aW' 
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Bhrogon, ia addition to ovrbon and bydrogres. But tbe painter 
bM to do only with the first series Ibese essential or 
volatile oils, which contain a hydrocarbon as their main in¬ 
gredient, and which are nearly always represented by the' 
formnla, OjgH,,; a formula t^ch corresponds to these 
per-oentagrea:— 

Carbon.; . . . 8S‘a. 

Hydrogen.ll'S. 

Still it will be found that a small quantity of oxygen ia almys 
pr e s e nt in theae oils, partly because they contain along with the 
hydrocarbon of whii^ th^ mainly oonaut, anotoer aubatanoe, 
usually a camphor or stereoptene often having the formula 

1 and partly because they have a strong tendency to 
unite with oxygen, and to become resina. In doing ao they 
at last become acid to test-paper, thiok and visoid, and at the 
aame time acquire a yellow or brown colour of varying in¬ 
tensity of tone. Farther, when they become quite dry they 
brittie, though poaaesaing some degree of hardness. The 
absorption of oxygen then, attended as it is by the changes just 
mentioned, is the great drawback in the use of essential oils in 
painting: we shall presently see how it may be obviated. Yet 
it must bo recollected that this tendency to absorb oxygen is 
not without its advantages. Turpentine which has absorbed 
oxygen becomes ozonised, acquiring, for a time at least, some 
bleaching properties. As an example of this fact, note iho 
colour of a cork whioh has been some time in a turpentine 
bottle. Now this ozone may be transferred to the oil of the 
pigments used in a painting, and may serve to harden and 
resinify them befor" the pigmentary particles have had time to 
be injured by atmosphorie inflnenoos. Tbe use of freshly dis¬ 
tilled spirit of turpentine, whioh has been shaken np in a bottle 
three parts full of air, repeatedly renewed, suggests itself as 
a way of utilising the several properties of the liquids just 
allnd^ to. Volatile oUb mix readily with sloohol, especially if 
absolute, with ether, with petroleum, and fixed oils; while they 
dissolve fats and many resins. A few words only on the pre¬ 
paration of essential nils must suffice, while we will take, as at 
once oharactoristio and imi>ortant examples of these matwials, 
the oils of turpentine and spike lavender. In order to prepare 
these hydrocarbons in a state as Uttlo altered as possible, the 
materiidB which contain them are distilled with water, or with 
salt and water, or in a onrrent of steam. In the ease of tnr- 
pontine, dry distillation is slso rosurtsd to, especially after the 
bulk of the oil has been driven off. Turpentine, as it oxndos 
from ping and fir trees, or as it is obtained between May and 
October from inoisions in their barks, is a mixture of hydro¬ 
carbons and their resinified products of oxidation. In distilla¬ 
tion the essential oil is volatilised and condensed, while the 
residue booomea .hard, and goes under the name of rosin or 
colophony; it chiefly consists of an acid resin. In the case of 
spike lavender oil, distillation with calcined Diagnesia or lime 
can hardly bo resorted to, in order to piudfy the product, 
without entailing much loss; but oil of turpentine may be sub¬ 
mitted to tins treatment. Oil of tnrpeutinc may also bo purified 
by agitation, iu a vessel kept cold, with 5 per cent, of oil of 
vitriol, and the subsequent distillation of the reddish thiok 
liquid whioh is thus obtained. This liqnid should have boon 
previously allowed to soitlo, and then decanted from any deposit. 
An oil is obtained in this way, called torobono by Doville, and 
but little prone to oxidation. 

The turpentine oils rf oommoroe are :-~ 


UAKB. 

EngUsh Toipentina oQ 
French „ „ 

Ctarman „ „ 

Venetian „ „ 

Fine-oons „ „ 


souses. 

Pimu Ait^ralv, stc. 

P. fliaritiitta. -- 

P. *vI«Mtru, ete. * 

lioruc Ewopcm, 

JPinm punUIio ani Ahiu ptcHnnta, 


These oils differ much from one another in optical charaoter, 
but (dtemioally their divergonoes are but slight. They boil at 
160° Ctent., when purified completely from acid and resinoaB im- 
pniitiea, eto., and their specific graviiy is about ‘860. Tto oil 
■at lavender ia a foreign oil, derived from Lavandithi tpiea, or 
spike hn^der, and though inferior in odour to that fromXi.eera, 
ousBni^i^ lavender,is Imtter adapted for painting. It is a far 
. tom ^wncfnl solvent for teeiae and eindlar eabetanoea than 
. ^ toC toapSBtiqe. Other hydrocarbon, die of eimilaz properties 
Me those of bergeawt, lemon, Juniper, orange, and rosenury. 


It ia probable that some of those dla are worthy of fnrtber 
trials in painting than those to whioh they yet bton 
submitted. All we oils of the lemon gironp are less volatile 
than turpentine, boiling at 175° 0. instead ^ 160°; but their 
epeoifio gravity is a lit^ lower, about '850 ins t ead of ‘860. 

Before passing on to a brief description of the chief resins, 
we may here appropriately introdnoe a olase of hydrocarbons, - 
Bcaicely hitherto actually employed in painting, and yet likely to 
prove of very great service in the arts. We rder to the natnisl 
and oitifioial naphthas and petroleums, and their liquid and solid 
prodnots. Mineral turpentine is the oommerdal name given to 
the ''spirit;” or most volatile portion of-native rook oils, or of 
the artifloial paraffines prepor^ from ooals and ahalea by dis¬ 
tillation at a low and regulated temperature. It ie a mixture 
of hydrocarbons, very inflammable and volatile, and possessing 
remarkable solvent powers for ^sina, yet with small tendency 
to absorb oxygen. The four simplest of these hydrocarbons 
ore gases at ordinary temperatures, while those whioh make up 
a good part of the miooral turpentine boil at temperatures 
from 30° upwards. The liqnid boiling at thie point is called 
quintans, and has the formula C,H„. The four or five next 
members of the series, boiling at temperatures up to about 
160°, may bo used as substitutes for oil of turpentine for many 
purposes. Here also we may allnde to solid paraffine, a name 
gpvon to a mixture of hydrocarbons occurring in shales, rook 
oils, etc., or obtained from them and from peat, lignite, coal, 
etc., by oantions distillation. The best paraffine for the artistic 
purposes to whioh wo shall subsequently refer, bos a melting- 
point not under .'>8° C., and is entirely unacted upon or reduced 
in weight by treatment with boiling soda solution, or warming 
with ^ of vitriol up to 100° C. Its unalterable natnre has 
induced the writer of those papers to employ it in mnral deoo- 
ration and for other artistic purposes, since the year 1850, and 
with the most satiafactory results. We shall describe some of 
the modes of using it in a subsequent lesson on the prooesses 
of painting; but wo may now state that it is soluble in about 
three parts of hot absolute alcohol, but separates on cooling; 
that it may be dissolved in mineral turpentine, benzOle, tuipen- 
tine, oil of spike, and fixed oils; and that Yonng’s beet paraffine 
and Field’s best ozokerit ore available souroea of it for our 
present purpose. Light coal naphtha, obtained as a by-product 
in the dist^tion of coal-gas, must be distinguished from the 
substances just named. It obiefly consists—when freed from 
carbon disulphide and heavy impurities—of hydrocarbons of 
tbe benzole series, of which 'tho most important is perhaps 
the first; benzole or benzine (CgH,), a liqnid of density '885, 
freezing at 3°, and boiling at 81° C. When pure, this liquid 
has no disagreeable smell; commercial samples of it are greatly 
improved iu this partioular by being shaken up with 5 to 10 
per cent, oil of vitriol for some days, decanted off and distilled 
from a water-bath in a tin can and with a properly-cooled oon- 
donsot. Benzole mixes with absolute alcohol, and is oa 
admirable solvent for many resins, oUs, and similar materials, 
bnt its place may to a certain extent be supplied by the next 
member of its scrioa, toluolo, a hydrocarbon whioh, with several 
others, ocoompanies it in ooal-naphtfaa, and boils at 111°C. The 
higher members of tbe series, xylolo, etc., do not evaporate with 
sufficient rapidity, when used with resins, oils, and paraffines. 

The resins may now engage our attention. They are essen¬ 
tially, in origin and composition, oxidised essential oils, con¬ 
taining less hydrogen than these latter, and oxygen in adffition. 
They differ greatly in physical and chemical properties. 
Tho best are those whioh are most free from colour, tough, hard, 
and destitute of diatinot acid characters. Thelse resins, how¬ 
ever, are nsually the very kinds which it is most difficult to 
bring into solution, so as to form varnishes. Generally, the 
most soluble resins are those which are most prone to change, 
becoming brittle and brown in oonrse of time. We sl^ 
arrange what we have to say about the most important resina 
nnder their several names, taken in alphabetical order. 

Amtor is a fossil resin, and one of the moat useful aAd least 
alterable of ell. One of its olasaio names, bermesa preserved 
in tbe German word for amber, hemstein, has originated the 
terms vemioe, vetnix, vemis, and varnish; this resin ha^g 
been originally need in the preparation of a varnish, by boiling 
it in oil. Amber hoe the harness 2‘5, the speoifia gravity 1‘065. 
ltisinso!u.blsinsloohol,and nearly eo in most fixed and essential 
mla, bnt may bo diseolvod in chloroform, and in some of the 
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mUbm yu w wft i t aeivai^ lAiah wo bMw befoM alladed to. It 
aaakwiw MOdlffiit TMrniaht the eoloiir of whiehauqrbeleMened 
ly ogHatiani with m uniA qaaatity of nelnitml Bafna^ 

jIMmfl-^Thie name k often tu^ for mow Tuietiae of oopal 
xeein, hat it appaaza ahoold be oonfinad. to the taain of the 
Mfwitnmy Oow^wril, from the Weat Indiea and Braail. Thin 
ia the oopal or onimtf iendre of the and ia largely «m> 

idoyad k the mannfaotnie of oamaga Tacnishea. It is of 
apecdflo gtavity I'OS, and ia aolnUe in Imfe aloohol. It ia not a 
vaay hard or permanent reain. 

0«ptU ia a most valuable reain, fnrniahad by many oonntriea, 
and the produce of many* trees. The different varietieB of it 
met with in oommeroe are not all of eqnal value, but in oom- 
pomtion they seam almost identioal, generally containing in 100 
pacta abont 80 of aarb<m, 10 of hydrogan, and 10 of oxygen. 
Oopal oomes from North Amerioa, l^t Indies, Madagascar, and 
Sierra lieone. Its density varies from l'04fi to I'lSO, while ite 
siriability in turpentine and oils is very slight, unless it has 
been previonsly fused, or at all events roaetod. It may, how¬ 
ever, be mote easily dissolved in the presence ef oom^or, or 
at a higher temperature than that, obtainable in an open vessel. 
In a sealed tnba, oopal dissolves pretty freely in oamphorated 
tnepentine at temperaturea below 200° C. The advantage of 
thia mode of preparing oopal varnish over that nsually pursued, 

torrefying the oopal previonsly to heating it with &e linseod 
(dl or turpentine solvent, lies in freedom from oolonr and oxidised 
produets, and in greater toughness. True oopal is hard, rather 
variable as to colour) and as to the form of the mosses in which 
it ooonrs. jPulverieation and expoanre to air render it more 
easily soluble. 

Canada haUam, from Abies halswmea, is a resinous turpen¬ 
tine, whioh may be disselved in oil of turpentine to form a clear 
and oolonxiess varnish. It U in great part soluble in aloohol, 
the solution drying, when used as a varnish, in the ooursa of a 
day or two. 

Dammar is ohiofiy obtained from Singapore, t>at a variety is 
also .yielded by Dammara Australis, a New Zealand tree. The 
Gaat Indian dammar requires to be orushed and gently dried to 
malm ^ dear varnish, and will then be found to bo soluble to 
the extent of 80 per cent, in absolute aloohol, and entirely in 
tho liquid hydrocorbona and fixed oils. A fine oolonrlesa varnish 
may Iw made by leaving the crushed Australian dammar reain, 
often called " konri ” or “ oowdio ” gum, in contaot with weak 
alcohol for some days, shaking the mixture oooaaionally, and 
then pouring off the liquid, which ia a solution of the acid resin 
of the dammar. The remaining substanoo is tho neutral reain, 
whioh when disaolvod in abaolnte aloohol, turpentine, or other 
similar solvent, forms a beautiful oolonrless varnish, yet does not 
opproach the best oopal varnish in toughness imd-permanonce. 

Mastic, from Chios, in the Grecian Archipelago, is obtained 
by inoieiona mode in a tree, the Pistacia lentiscm. Its density 
is TO?; it oooura in the form of noucly oolonrlasB and trans- 
inxent tears, and is soluble in alcohol as well as oil of turpentine, 
forming a rapidly-drying but alterable varnish, which becomes 
brittle and dark-oolonr^ by ago. 

Semdaraeh was need almost cxolnsively in medimval times as 
the bask for the varnish of tempera piotoros, and of the vehicle 
of oil-painting. It is not a satiid'actory resin; it is the produce 
of the Thvia articulata of Barbaiy. It ooonrs in pale yellow 
seales, slightly aoid and soluble in great port in cdoohol. 

Bksilao is produced in Assam, and' many parts of India, from 
a tree oaliod bihar, by the pnnotnre of an insoot, tho Coccus lacecB. 
When purified it occurs in yellow or brownish scales, and is 
brittle, and easily solnblo in many acids and alkalies. It dis¬ 
solves in aloohol, fusel oil, and in li parts of aoetone. A white 
or Ueadied shellM is often made by bleariiing 25 parts of shellao 
in alkaline solution, with the sodinm hypoohlorite from 30 parte 
of good ohloride «f lime, and then adding hydrodhlorio aoid, 
e^tosing to the son, and allowing the mixture to stand. After¬ 
wards some sodium salphite k added, and the resin finally pre¬ 
cipitated witlffhydroohlorio aeid. Snlphurons acid is also used 
fev the same purpose, but tiis only plan permksiblo for bleaebing 
^fdisIkA intended for ariktie pnrposes k filtration tA its solution 
Ihxotagh aaimal oharooalL 

TftA have been oompeUed to omit sevenl resins and vegetable 
WKiteilr Aum our Ust. Sndh ace the varioua resins known as 
diae^^ IdoOd, and uaed in red Tantkhea and laequers, and 
Ofamai||iw3'<KspaB wax. 


CIVIL ENGIKEERINO.—XII. 

BC X. a. BABl<kOX.OytBW, C.B., Jt.S,B. 

SOCSCS (oenMiHwd), 

A noATiBo dook k more nsefol than an excavated dry dock 
beoanse it can be employed onytshers irrespeotive oS the natnce 
of the bottom, whether it be sand, innd, or rook, the only oon- 
ditioa neoessary to its nso beiiq; t^t a snffioient depth of water 
exists to float the ship whioh has to be raked, tether .'with 
the dock in its submerged oondition beneath the keel of the 
ship, la this point of view it is plain that the shaUowor the 
doric the beMhr; hence, provided an ordinary bloeed ponteon 
fnlflk all oonditiras neoessary te ensure stability in aqni]ibnmn> 
and retain a borisontal do^, whether submerged or floating 
with its harden, nothing ean be better as respeek light drooghti 

The neoessary oondition to stability in a flmting dock k that 
it shall have a snffioient amount of ballast Fat its lower portion 
to remain vertical under all cireumstanoea, the ballast employed 
in all oases being water. The usual form of such a dock k 
that of a long open-ended box or half-oylinder, provision being 
made, however, for fixing water-tight bnlkheads or ends if re¬ 
quired. 'Whilst the main power of flotation lies in the lower 
portion ef the dook, it is neoessary that the raised sides shonld 
also contain an amonnt of flotation, and it k in the distribuiion 
of this power, by altering the position and quantity of water by 
means of pumps, that &e dook lotoina a horizontal floor or 
deck in all conditions. 

The sectional floating dry dook at tho United States navy 
yard at Philadelphia will engage our notice in the first in- 
stanee. As its name implies, it is formed of sections. These sere 
nine in number, and any number can be used whudi mi^ be 
re<inired for the lengtli and weight of tho vossol to be raised. 
Naoh section is 148 feot long and 11 feet doep outside, but six 
only are 32 feet wide, tbo remaining three being only 30 feet wide. 
There are also two end floats each 2G^ feet long, 20 feet wide, and 
feet deep, adapted 'to the larger sections, and two somewhat 
smaller for nso with the smaller scotions. 

Tho tanks in tho sections arc of timber, the bottom and ends 
being of whito oak, 4 inches thick; the sides and top of 
yellow pine, the sides 5 inches thick, the top 3^ inches thick. 
Tho planks of which they are built are from 12 to 15 inches 
wide. Kaeh plank is fastened with two iron spikes 9 mohes 
long, and 7^ inches square, to each beam at the point of orossing. 

The entire straotnie is tbronghout of timl^ strengthened 
with iron braces, and considerable ingenuity was dkpiayed in 
tho bracing; and the fact that these timbm-bnilt wcks have 
not proved snooessfnl, mnst be attributed rather to tho unsnit- 
ablenesB of tho material than to the mode of oonstruotion. Tho 
various seolions ore arranged side by side, and as each aeotion 
has a greater power of flotation than is needed for the oorre- 
spondiug length of run of any ship plnoed across it, an economy 
in pumping has been introduced by separating the various 
sections by means of a sliding or telescope arrangement of 
beams at distances varying from 6 inohes to 6 feet as may bo 
required ; thus a greater length of nm of ship will lie between 
the centres of any two adjacent sections the more they beoome 
separated, and hence each section 'will have a greater weight to 
support. For heavy vessels 3 foot k far enough to separate 
tho seotions, this being tho usual distance apart at which kedl- 
blocks are placed. Faoli tank except -the centre one has a door 
at oither side for faoili^ of passing from one aeotion to another. 
The tanks are carefully caulked, tarred, pitched, and made 
water-tight. Inside them are longitudinal and transverse trnss- 
framos so arranged as to afford the requisite strength for 
rising the heaviest vessels. In Fig. 25 we show 'the enange- 
mont of the -timbers of one of the interior trusses. 

Perpendioular to the line of keel-blooks, bUge-blookways are 
fastened to the deck upon whioh tho bilge-blo<&s slide. These 
ways are fitted witii teeth, into whioh drop iron falls hinged to 
the hack of the blooks, by whioh the blo^ are asonred at tiie 
point of bearing. The arrangement is shown in Fig. 86. The 
line A B in Fig. 85 corresponds with' tiie line a B in Fig. 36. ’ 

The tanks see gradjwted to feet and inchmi to indioate the 
depth of tiie keel-blooks below the surface cd'&ewakir. Gauge- 
rods are fixed, showing tiie quantity eff water pnmped,' 
tiieiefore the lifting power exited by eeeh seotion, shS '^ns k 
obtained the -weli^t of the vessel on the de<d^,. - The fidl IttUiq’ 
power (ff the do^ k as follows t— - r 
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.It. 

< Motion* 105 K 
3 „ 105 X 

3«Bdltoatia6'5 X 
8 „ M'S X 


ft. 

32 

30 

so 

20 


ft. 

U > 
11 . 
5-5 . 
S-5 : 


miplnoainoat ■ 
Wnight o( tanka lod inadlneiT' ' 


3,336 tool. 
M70 
800 

83 1 » 

10,037 toni, 
M4S „ 


Lifting pover s 5,882 tons. 

Horinontnl ahoreg extend from each side frame. Tbey work 
upon hinges nt the point of bearing on the frames, and are | 
fitted with » sliding tdesoopio arrangement, so aa to snit them- 

sdaes to the aarying widths of the Teasels they have to support. I _ _ ^__ 

neae shores keep tiie ship in the centre of the dock until the I and practice, and it may be stated as a*^ general fact that the 


When the riiip is in the dock and in position to be raised, the 
ballaat is mn off by opening valves in the lower side chambers, 
thereby oaosing the dook to rlae by its own specific gravity 
until it touches the bottom of the iMptiie remainder of ^e 
water is then pumped out, and the doc& rises with, tiie ship. 
The advantage of the balanbe do^ lies in the facility with 
which aa exact equilibrium and level ean be maintained by 
means of water let into or pumped out of the separate compart¬ 
ments of either of the side ohombers, there being eight of these 
oompartments in each side chamber, which aU communicate 
with a pnmp-well in the centre of chamber by means of 
valves. The advantage of dividing a floating-dock, i^atever be 
its form, into nnmerons bulkheads is proved both in theory 


keel sad bilge blocks are brought to bear. 


tendency of a dock to capsize is inversely aa the square of the 


The pamping arrangements of each section are oontrolled by I number of separate oompartments into which it is divided by 


four engines—two of 20 horso-pewer each, and two of 12 
horse-powet each. There are three pnmps at each end of each 
eeotion; the shafting which conveys the power from one 

section to another runs in a hollow sliding shaft, and may he , _ ___ 

slid in or out aa required by the relative position of the sootions. ^ one of the koei-blooks upon which her weight rests. * This was 


bolkheads. 

I The necessity for examining tbo whole run of the keel ofsa 
J ship upon the nuder side, and frequently of having to renew a 
: poison, involves the necessity of removing when required any 


Between each section is a umversal joint to provide against the 
defleotionB incident to the sectional arrangement. 

In oonneotion with the sectional dook is a system of land 
rails brought olose to the water’s edge, their ends oorresponding 
flash with similar rads on the floating sections. By means of 
those a vessel can, when required, be removed from the sectional 
dook to tbo shore, the sections being sunk by the introduction of 
ballast to on exaot level with the ways on shore. Hydranlio power 
is employed to move 
a vessel on or off 
the ways. The ram 
employed has a 
stroke of 8 feet, 
the cylinder being 
keyed to the rail 
when in action. As 
soon as the ram 
has gained its full 


formerly a long and tedious process, the plan being to throw her 
weight npon tho side shores by introducing wedges under each 
shore, tho blows being given to them sim^tanoonsly. In this 
way the vessel was slowly raised off her keel, and the bearing 
transferred to the shoros. The necessity for simultaneous 
action in driviiig home the wedges involved a very large 
number of men, and instances have occurred of the entte 
hands employed in a yard being compelled to leave tbeir va¬ 
rious employments 
in order to wield 
the sledge hammers 
for this operation. 
To prevent this 
loss of time and 
labonr, Mr. (after¬ 
wards Sir Bobert) 
Seppings suggested 
tho idea of a new 




stroke, the some engines which am employed in forcing the ! 
water into the cylinder, are used to luovo tho cylinder forward I 
another 6 feet. The ram is capable of urging forward a ship | 
upon tho ways at the rate of 1 foot per minute, and twelve | 
minutes arc occupied between each snooeseive stroke of 8 feet. 
After a veasol has been standing on tho shore-ways for a few ' 
days, it requires about 25 per cent, more power to push it bank j 
to the dook than to hanl it on shore. Tho cylinder ha.'^ a bore 
of 15 inches, and oan exert a force equivalent to 800 tons lift. ! 

Another form of floating dook is ^e balance dook, in nse in j 
varions ports of tho United States. This is not merely a | 
(misBon dook, bat ntay bo described,as a combination of tho | 
oaiwon and camel united in the form of a walled dook, having | 
a middle compartment in which the vessel rests after the ; 
water is pumped ont. The combination is made by butting ; 
the side oompartments or balancing ehambers—whioh rise con- ; 
siderably above the floor of the dock—with sloping inner walls, ! 
into a caisson, and giving to the struotnro great strength ani^‘ 
massiveness by interwoven bracing and tmasing both trans- j 
veraely and longitudinally. The portion of the sides extending > 
above the windows or ports whioh occupy a horizontal line npon | 
each tdde of the dook, is callod the ballaat chamber, and as the ' 
dock is almost entirely constmeted of yoUow pine timber, it 
wiB not sink by its own apccifio gravity low enough to admit 
Tessela of great draught; it hae therefore to be sunk by filling tho 
upper or ballaet ohambets with water. When ships of great 
weight have to be lifted, it it neeeeaary to nse end or enoleaing 
gates. ThMB are formed of yellow pine strongly braced with iron, 

(To dock m voMcl in the balanoe dook, water is forced into 
the brttom of the dock, and then into the upper ehambers nntil 
Hs weight acts w ballart to sink the dook as mnob u reqnired. 


arrangoment of kcel-block. Tho idea is so exceedingly simple, 
that it is to be wondered how so obvious an arrangement had 
not oocurred to any ene connected with sbip-bnilding long 
before. The arrangement is shown in Figs. 27 and 28. In these 
c is a hard wood block having its upper and under sides lined 
with iron; tho angle at the base is 170”. w, w ore cast-iron 
wedges, the upper and under sides doping "to an angle of 5”. 
Tho blows for removing the wedges are given laterally as indi¬ 
cated by the arrows, and are delivered on alternate ddes, and 
by this means tho wedges are readily removed. Of oonrse only 
one intermediate support con be removed at a time, but the 
wedges are easily replaced, and the next support then removed. 
This very simplq arrangement secured fur the snggoeter .£1,000 
from the Admiralty. There can be no doubt as to tho supe¬ 
riority of iron over wood as the material for building a floating 
dook. Snporior to it in strength, it ocenpies far less bulk, 
and is with proper oare and attention far more durable. An 
iron dook may be considered as partaking of the same form as 
tho ship it is intended to enclose, since the plates of whioh 
it ie built oan he curved to any desired shape. Looking at on 
irem floating dock os a semi-tube, its great weakness lies in 
tho fact that it is unsupported by braces. Tt is iu the oon- 
neotion between the inner and outer skins that a great portion 
of its strength Uee, for althongh it may bo regarded as one 
entire frame, yet like all large iron stmotnros, ospooially those 
in which the principles of hollow construction are adhered to, 
it must bo looked at ijrom every individual point. Notwith¬ 
standing that the strength of a girder is directly as its depi&, 
yet by an onsoientifio arrangement of materi^, it may fail 
locally long before the actual breaking strain is reached. Thage 
is no real diffionlty in dispoaing of the material emidoyed, ao 
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iihat an wa^ls aaicmiii of attengih rtiall be aeonred to meet 
way afanin ^ mwy. diieotion, and it is dne ytsy frequently to 
amatof acmtifio knowledge in theazrangementofthemateriail, 
wbettier employed aa tiea or biaoea, that failore ever oodure. 
An open-work or lattioe braoing ia without a doubt the proper 
joethod of obtaining the greateet strength wiiA the least weight 
and expenditure of matmial, provided always that the various 
pieoes composing it are properly oonneot^. With respect 
to tiie employment ol lattice-work it has very correctly been 


stated, that by means of it the en^neer 
is not only enabled to place the material 
exactly where it is wanted—in the very 
lime (if strain, as it were —^but he is also cer¬ 
tain that, when it is correctly placed, the 
atralns must pass in the direction marked 
out for them, and cannot take another; 
whereas when solid plates arc used, tWe 
js always aome ambiguity respecting 
the preoisa direction of the strain, and 
more faith is in such a cose put in the 
mass of the plates, than in the strength 
of any particular part of iliem. We s^l 
have occasion to call closer attention to 
the use and value of lattice-work when we treat of hridges. 

We have aUuded to the value of lattice-work here, because it 
has been employed with gimt advantage in the construction 
at a floating dock built for Callao a few years sinoo. It was 
constructed in this country in sections, and sent over and put 
together. In section it is teotangnlai, the sides being vortical, 
and very strongly braced at the inner angle. It is 300 feet 


S%. 27. 



aide only, by means of which any required angle of inclination is' 
obtained. About 8,000 tons of iron were esi]^tyed in its con- 
stmotiou. 

Another system of dry-docking ahtys has been adopted, d 
value, however, in suitable localities only. In order to cany 
out this system, it is necessary that the ground has a certain 
amount of incline from the water’s edge, and that a natural 
supply of land-water exists at the upper poriaon of the slope. 
The arrangement consiets of a series of ^ee or more baainB 
formed in the slope, rising one 'above 
anothn in successive idtitudes at from 
six to ten feet, and communicating 
with each other by ordinary look-gates, 
similar precisely to the look-baaine of 
a canal. The lower basin opens directly 
into the harbour, and the depth over 
the siU must bo .such as that the vessel 
to be docked can float over it into the 
lower or No. 1 basin. When the vessel 
is within this basin, the outer gates are 
closed, and the land-water admitt^ into it 
until the vessel rises on a levd with the 
'Water in No. 2 basin; the vessel is then 
floated into it, and the sluice-gates closed. The same proocss 
then follows witii regard to the other basin or basins, and 
finally the whole of the 'water ia withdrawn from the upper 
basin, and the vessel loft high and dry upon the bearing blocks. 
The vessel is lowered to the harbour by reversing the oi>eration. 

We come now to the last method employed for dry-docking 
ships—that of hauling them up prepared ways by sheer force. 


long, 76 feet broad inside, and 30 feet deep inside, and weighs 1 This system was practised at an early period in the Venetian 


about 3,000 tone. The available floor ia 50 feet wide, and the 
slope, which has a batter of 1‘25 to 1, has a vertical height of 9 
feet. There is a space of 12 foot between the inner and outer 
skins, in which lies the power of flotation. Water-tight bulk¬ 
heads are introduced, thus diminishing the tendency to capsize. 
Transversely there are six water-tight bulkheads which run 
across the entire section, dividing the dock into seven separate 
transverse chambers, whilst longitudinal bulkheads, running 
tiie whole length of the dock, again subdivide these. The skins 
are of i-inch boilcr-plato, and there are transverse strengUien- 
ing girders throughout &e dock 5 feet apart, and 9 feet in 
depth, carried up in the form of lattice-work through the side 
water-compartments, air-chambers, and horizontal bulkheads. 

Anothar form of iron floating dock necessitates a brief allusion. 
It is that in which the inner and outer shells are semi-cylindrical. 
A dock of this-form was constructed in the Thames some years 
since, and floated to Bermuda for the use of the Admiralty. Its 
dimensions and power are sufficient to dock the largest iron-clad. 
In length it is 381 feet, in outside breadth 124 feet, and in 


arsenals, and also at Toulon, where a large vessel was so docked 
as far back as ISIS. The plan is adopted in many places whore 
the ground favours it, the essential feature being that of a 
gradual and uniform slope both above and below the water’s 
edge. The slope should bo about 1 in 32, and the power 
employed may be animal, steam, or hydraulic. The arrange¬ 
ment consists of two parts—the cradle on which the ship rests, 
and the wa/ys up which the cradle is drawn. 

The cradle is a strong framing of iron and timber, furnished 
below with a series of small cast-iron rollers, about three or 
four inches in diameter, placed at short intervals apart, and 
ranged in three or more parallel rows, one row occupying tlio 
centre or keel line, while the others are usually placed as near 
the bilge-bearings as they can be.s Fig. 29 gives a sketch of 
the cr^le and ways seen in cross-section. The cradle, o c, is 
a strong framing, which may be extended breadth-ways as for 
as may be considered desirable, in order to afford sufficient 
space for planting shores. It must, however, be always re¬ 
membered, that the cradle has 'to traruffer the weight of the ship 


depth over all 72 feet. The 
space between the two skins 
is 20 feet. Instead of 'the 
sides being vortical, they 
are curved outwards with 
a batter of 1 in 6, but be- 
oome more nearly vertical 
towards thd top. The skins 
axe of 'J-lnch boiler-plate, 
and the space between 
them is divided into fifty 
wwter-tight compartments. 

Seven water-tight bdlk- 
heods nm throughout the 
entire length of the dock, 
whilst the frame is held together by nine transverse box-ribs' 
also water-tight. Vertically the dock is divided into throe 
stages, ti>e upper chambers, the middle or balance chambers, 
and t^lower mr sir chambers. In order to dock a ship, the 
water is pumped from the lower to the upper clmmbers, until 
the dock sinks snffioientty to permit the ship to enter at the 
open qpd, and be brought over the line of blooks. The water 
is then run out d tiw upper chambers, until the dock rises 
•bout 10 feet, floating caissons made to fit the ends ore then 
nbsserged into their pc^tiom and os much of the remainder of 
wmtmr as is neomaiy Is then mn down into the tdr-oham- 
to be again pnmped np whte xeqnired. 'In order to careen 
thsdo^ for examinatioo ox xvpslr, water is introduoed info one 


to the ways, w w, beneath, 
and therefore its structure 
must correspond with this 
idea. The employment of a 
large nnmbor of rcdlms ia 
of ^vantage, as thereby the 
load is distributed over a 
greater number of points 
of support. The ways are 
made of timber, upon which 
are seonrely spiked iron 
rails. They ore carried down 
into the water to a depth 
Bu^teient to enable a vessel 
to be floated over them. 
Groat care is required in order to obtain a solid foimdation for 
the timber ways, piles being necessary to support them, and to 
prevent any sabsidonce into the soft ground nsnaBy found at 
the water’s edge. When a vessel is to be docked, effie is floated 
over the cradle, and the bow or nearest end secured in position 
and wedged up by the bearing bloqke. The cradle is then 
slowly hauled up the ways by attachments at the centre and 
sides, and as the vessel rises the is secured in pfltltion, sad'ihe 
bilge-blocks driven home. Z^wlswre fixed at vaxionB points of 
the centre frame, which {all into a rack fixed to the oentre way 
to prevent any baok-fall. The power requited to haol a ship 
and ite cradle up the ways, is about ‘07 d the dead weight to 
be moved. 
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PHINOEPLIS OF DESIGN.—XXV. 

BT 0B&18TOFB1IB SBIBHB, PBJ)., F.L.8., XTO. 

'* GLASS (tontmmi). 

Xbibx k «ne thins pertaining to taMe-gkae that yn do not 
now mfSaiaitly ooneider, wl^h ia its aapaoit 7 for ooloor. Oar 
4»ie idea ia the formation of glass ressels ia the imitation of 

' _ crystal, nnleas we hap- 

j . - . - ."" "‘ ‘ ' ' ' ''ii l produce a vessel 

LvX KATxxvTxv >0>v~X~X X~/< strongest tint. 

with the exception at 

fililll n ^ S W 9 ® ^ BSSbm gksseSiWMohare 

W W W W W W fflBI generally either rnby 

yV' x'ltVf f 1 f f f • 'y oolonr, dark green, or 

V intense yellow-green, 

werarelyemploytinted 
^*‘ 1 ^0 gloai on onr tables. 

Jr These throe oolonis, 


Fig. IID. 


tiie table a pleasant ooloor aSe^; and, secondly, they nttedy 
destn^ the beanty of appearanM which the wine would o&er* 
wise present. 

Ko skss which is to contain a liquid of pleasant colonr shonld 
be so strong ia tint os to mar the beauty of the contained finid, 
uid especially is this tme when the oolmir of the glass ia of on 
opposite ohaiacter to that of the liquid: thus a red liquid 
plaoed in a strongly- ____________ 

oolonred green gkw 
becomes Mgbly offen¬ 
sive in appearanoe,sad 
yet we often see claret 

served in green hook- A 

glasses. A dinner. ta'~lo 
requires oolonr. J et 
pale-buff, 

dour, in- .V A 

lite; and e. Ak ^ s 
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which wo usually employ in 
hook-glasses, ere all too strong 
in tint for ordinary purposes, 
and they ore coarse and vulgar. 
It is curious that we should 
confine ourselves to these 
colours when glass ia capable 
of assuming the moat deUoate 
of shades, of appearing as a 
soft, subtle, golden hue, of the 
most beautiful light tertiary 
greens, lilaoB, and Uues, and, 
fndead, of almoBt any oolonr. Why, then, should we employ 
<a^ two or titree colours, and those <rf the most crude chexacto P 
U the ^man and Gtee^ glass of the British Hnseum be in- 
npseted, it wiOQ^lM seen that Bomans employed various soft 
ddkate tiiite, and why we should not do so likewise I cannot 
see. For.many, reasons the colours of our hook-glasses mre 
Ughly obfeotionable, but espeoklly for two. First, s« already 
Btatedi the colour ia so strong that they iqitpear as mere 
dark spok on t^ cilotb, and altogether fi^ in imparting to 





the glass wator-yessels of very 
pale, but refined 'and various 
tints; and the salt-cellars, if 
of glass, also coloured, and a 
most hermouioos effect could 
be produced. The flowers 
with which the table is adorned 
wronid then harmoniee with 
the other things, and much 
beanty might bo produced. 

Bespecting the ornamenta¬ 
tion of glass, two modes of 

treatment axe resorted to, which are “ cutting ” and “ ongraving," 
Both modes of treatment deel with glass os a hard, orystal-lDce 
sabstanoo; and consist in grinding the surfoco, and either Idkving 
it “dead” or repdlishing it. In the oase of “ outtmg,” a ocm- 
siderable portion of the snbstonce of the glass is generally 
removed, end the surface is repoliahod j but in the ease of 
“ engraving ” little more than the sarfaoo is generally aoted 
upon, and the engraved portion remains dead. 

Cutting may be empk^ed in bringing about ornamental effects 
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la flaai, tat it k mnly to be ooaunaB^ wtaa M lariiUjr wnd 
niiSD ta tta measa of giving fom to tlie Veaael ; hideed> 
taking ebonld be sparingly and jndloioaaly naed. A veaael 
formed of |d<Ma abonld never bo wtally ahaiped by ontting, aa 
ittangb it were a work of atone. If the heok of a decanter can 
ta «>«dn more convenient by being Bligh% out—if it oan be ao 
treated tiwt it oan be held more aeourdly—then let it be ont; 
tat inall oaaea avoid falling into the error of too much cutting, 
which canaea the work to appear labonred, for any work which 
preaenta the appearance of having been the rtaolt of muta 
lahonr is aa unpleasant to look nx>on aa that work is pleasing 
whita roanlta from the ezeroiBe of momontory skill. There is a 
great art-prindple ntanifeated in the ozpi'caaion “ Lot there be 
bght, and there was light.” 

tagraving is doo laboriona, and while it fa capable of yielding 
moat delicate and beautiful effects, it should yet bo somowhat 
■poringly used, for extravagance in labour fa nover desirable, 
and there fa anoh a thing as extravagance of beauty. 

However delicate ornament may be, and however well oom- 
poaed, yet if it covers the whole of the walls of an apartment 
and of the objeots which it contains, it fails to please. There 
moat be the contrast of plain surfaces witli ornamented—^plain 
for eye to rest upon, ornament for the mind to enjoy. In 
the enriohment of glass those remarks fully apply. Let there 
ta plain aurfooea as well as ornamented ports, and the effect 
will be more satisfying than if all bo covered with ornament. 

All that I said respeoting the decoration of damask table- 
linen will apply equally to glass, considering only the different 
way in wbioh tbe effect is produced (see Yol. II., page 312). 
Thus wo have ornament produced only by a variation of surface. 
Such eimple moans of prodneing an art-effect are capable of 
rendering in a satiafactoiy manner simple treatments only, but 
simple patterns are capable of yielding tho highest pleasure, and 
Buoh patterns can be almost perfectly rendered by engraving, 
as shown in Figs. 114,* 115,116,117,118. 

Somowhat elaborate offeefa oan be rendered in glass by very 
laboriouB engraving, whereby different depths of ontting are at¬ 
tained, but snob work ia the result of great labour, and rarely 
produces au effect proportionate to the toil expended npon it; 
and if a bottle so engraved is filled with a ooloured wine, tbe 
entire beauty of its engraving ia destroyed. Fig. 115 fa a drawing 
of a most elaborately engraved bottle which was shewn in the 
Exhibition of 1862. It reprosonts, to a great extent, wasted 
labour. 

It must bo borne in mind that any ornament placed on a de¬ 
canter, wine-glass, or tumbler, fa to be seen ataost wholly in 
perspeotire; and tho remarks mode respecting tiie effects of 
folded or waved surfaces en ornament (Vol. II., page 827), and 
those made in teferonoo te the applicaition of ornament to 
earthen vasee (Yol. II., page 375), apply equally here. 

It is not my provinoe to enter into tho various methods of 
nuuupnlating glass, nor into aU tho classes of art-effeot which 
glass is capable of yielding: I can only call attention to general 
prineiples, and leave the art-student to think tor himself what 
ehonld be the treatment of any partionlar object. There is a 
sort of oraokle glass which has come into use during the lost 
few years, and is an indtation of old Yenetian work; this fa in 
some respeots ploasant in appearanoe, bnt it is somewhat on- 
oomfortahle to handle, and is difiSoult to heep oleaQi its use 
mnst taerefore bo limited. 

In another dh^ter I shall have a few remaiks to make npon 
stained glue; but aa our present eoneiderationa pertain to hotaw 
vessels ohiefly, and as general principles regulate the formation 
of aU snob, lather they are formed of earthenware, gloss, or 
metal, I ^ink it bettor to iwsb to the oonsidetation ^ BQve% 
anfithif ware, and thns oontinuo a notioe of hoUow* vessels, than 
paes to * ootaideration of glass windows, altoongh th^ axe 
formed of the material now xmder review. ' 'What we are 
epeefaj^ ooWdering at present fa vessels of eapooity, or 
hollow wane. 

In tbe ftanfispieoe to this volnma the pnbUehers of Tbs 
Tsomnoai. EnooAXOS have enabled me to place before the 
zeoden of my papers on tiie “PrineiideB of Design” a few 
Ijdadies in origiiul oirnameBt. 

*’ ^nsameni; of some kfaid is applied to almost every arUole that 

' n^ssiiii n I ■■■■■-—.1.. .—. . 1,1 

X14 reptessats a daeaater made for the Frtaae of Wafas hy 
' pjkp.'ftaaM and Oa, and fa'la feed taste. 


we Me around ns. Ita papers m osr wslfa, toe earpets <m onr 
floors, the hangings at onr windows, the pltaes firom whita we 
eat, are all oovered by patterns of some hand; yet it fa rare, even 
nowvriien enamentation has become gen«al| to And anything 
original ia wnament; and if we do asset w^ something new in 
kind it fa often feeble or timid-lt^king, if it doee not altogetha 
fail in impressing ne with the idea that toe protaoer wan h man 
of knowledge. Let toe reader be assuzed 'that if the designer fa 
a man of knowledge, hie omamentsl oompositiona will never 
fail to reveal his learning: that if he is a man of power, his 
works will reveal his strengto of oharaoter; if he fa a man of 
refined feelings, that his designs will manifest his tendemsss of 
porooption. In like manner, that if a man is ignorant be oannot 
'Withhold from his patterns toe manifestation of his ignorance. 
Did net toe Egyptians express their power of oharaoter in their 
ornaments f did not too Greeks manifest their refinement in toe 
forma which toey drew P do wo not oven find an expression of 
religious feeling strongly, yea impressively, sot forto by some 
art-'workB, as by the illuminated manuscripts of 'the early 
Middle Ages ? and do we not every day see the impress of the 
ignorant upon certain wall-papers, carpets, and other 'things t 
It is a fact, and it fa necessary toot wo fnlly aoknowledge it, 
that toe knowledge of the producer is manifested by hia works ; 
and toat toe ignorance of the ignorant ia also manifested in his 
works. 

If ornament fa produced having new oharaoters, it fa often feeble, 
and fa generally -without grace; while power fa tho expression of 
manliness, and grace of refinement. ’Without olaiming -to have 
made a successful effort, I put forth, in toe frontispiece to this 
volume, four of my studies in original ornament, all of which 
ore to me more or less satisfactory as studies in oomposition. 
1 have endeavoured to secure in each an amount of energy, 
vigour, or toe power of life, yet at the same time to avoid 
coarseness, or any glaring -want of refinement. I have sought 
to combine right hneB, which are exprossivo of power, with 
such curved shapes as shall, with them, produce a pleasing 
oontraat of form, and express a certain amount of grace. In 
the light ornament on the citrine ground (that at the lower left- 
hand comer of onr plate) I have endeavoured eapooitdly to 
secure an expression <ff grace in combination -with toat amount 
of energy wbioh avoids any expression of feebleness. 

In toe border ornament I have introduced toe arch form, as it 
hints at a s-truatural ” setting out ” whioh fa pleasant; and I 
have endeavoured to oanse the oomposi-ticsi to appear os toongh 
it rested on toe lower dotted band, os tois gives a feeling of 
aeonrity.' I do not say that it fa necessaiy that this be so: all 
I assort is that in some oases it gives a feeling of satisfaction. 

So far as I know, the oolouring is also original. Tbe colours 
employed are chiefly of a tertiary oharanter, but small masses of 
primary or secondary colours are employed in order to impart 
“life” to the oompoeition. 

I do not sot these studies before my readers -with -toe idea of 
showing them what original ornament should be; I only set toom 
forth as examples of new oompositions, and must leave each to 
clothe Ms o-wn thoughts with a befittoig expression of hfa in¬ 
dividual original ideas. _ 


SEATS OF INDUSTRY.—XX. 

LILLE. ‘ 

BY WUiIiUBC WAYT WBESTIiB. 

Akonq toe trading and mannfaotoring towns of Fram^ the 
anoient, prosperous, and progressive oily of Lille holds a high 
place. Looal tradition asoribes the origin of toe town to Jnli^ 
Csasar, tat there fa no historioal evidence whatever in support 
of this view. It fa generally bdioved, howevm, toat a ehfltoau 
or castle existed at Idlle during toe last oentories of -toe Boman 
oooupation of Belgio Gaul, and toat round tola stronghold toe 
first begtonings of toe town gatoered. From its positicai in tta 
midst of marshes, tois castle was oalled Isla, and toe town henoe 
derived toe name IMe or LTsle, toe island. Ho mention of loUe 
fa to ta found in -toe anotait ebronioles previoUB to toe. tope of 
Baudouin X., called Xtas-de-fer, who in MS oaased seyraol of Me 
enemies to be hanged on toe wall^ of toe eh&teou, It wee forti¬ 
fied by Baudouin lY., and oaptnied by Henry IIL, Shnperor of 
(tamaoy, in lOM. In 1213 toe oily wad xetokeB by FUUppe 
Angnate, King of XVanoe, who xednoed it to adxes. Xbwards'w 
end of toe toixteesto oeatoty it was agolar Sefaedby Hiilipie le 
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Bd aid amin oede^ to Fnmee, but it mibBeqaeitiily oame into 
poMertion~of the Coimti of flaaderi. 1 b 1476 it passed to the 
bewe of Anatrio, aad tweuiT'yean later it submitt^ along with 
theNetherloads to the dominstioii of Spaiai« and was held by the 
Spaniards tar abont two oentnries. Lonie XIV. laid siege to it 
andoaptnied it from the Spaniards ia 1667; bat dozing the wars 
of the Spanish snooession, it was bombarded in 170Q by the 
alliea, nnder the Poke of Marlborough and Prinoe Engine, for 
120 ^ys, and compelled to capitulate. By the treaty of TJtzwht 
in 171S, it was dofinitirely reunited to Fruoe; but in 1702, the 
Austrians under Saxe Teechen fiercely bombarded it for six ^ys, 
doling which a great part of the town was burned; but after 
losing 20,000 men -^ey were forced to retire. 

' lille is dtuated on the canal connecting Soarpe and Lys, in a 
level, fertile district, 0 miles from the Be^ion frontier, 62 miles 
south-east of Calais, andl24 miles north-north-east of Paris on the 
Northern Bsilway. It compares favourably with the generality 
of French towns in regard to the regularity, width, and breadth 
of its streets. The houses are, for the most port, built of brick; 
but are generally substantial and modem, though plain struo- 
tuies, and a portion of the town is oonstrocted of stone, obtained 
from the neighbouring quarries. The quarter where the bulk 
of the manufacturing population reflidos, however, has a rather 
mean appearance. The town oomprises about 300 streets and 
32 squares. Few of the houses have more than two or throe 
storeys, and the more recently erected have areas in front. LiUo 
is .supplied with water from the river Deulo, that distributes 
itself into the canal on wiiiob it is built, several branches of 
which, navigable by small vessels, circulate through the city. 
In former times Lill. was enclosed within a narrow oirole of 
walls, forming an irregular oval, between four and five miles in 
cironmferenoe, exclusive of the fortifioations and of the moat by 
which it was ^mrroundod. By a decree passed in 18S8, the 
suburbs of Wazommes, Esquermes, Honlins-Lille, and Fives 
were annexed to the city, and the old fortifications on the south 
side were demolished and reconstmeted beyond the territory 
ittoorpsrated. This now enclosure was completed a few years 
ago. The old fortifications, wl.i.'h wore rebuilt at the beginning 
of the seventeenth century, were enlarged and rendered almost 
impregnable by Vauban, tlio oclebrated military engineer. Next 
to Turin, the citadel of Lille is oonsidered ,the strongest in 
Europe, and it is the masterpiece of Vauban. The new fortifi¬ 
cations, which consist of brick and earth, ore pierced by eleven 
ordinary gates, by three portes cL eau, and by a special entrance 
for the railway. Several of the ancient gates of the oity, of 
which there are six, deserve mention. The most remarkable is 
the Porte de Paris, which, though it formed part of the fortifi- 
oationB marked for removal, has been allowed to remain. 
It is a triumphal arch in the Doric style, ereoted in 16S2, sur¬ 
mounted by a trophy, with a figure of Victory crowning the bust 
of Louis XIV. The Porte de Oand or de la Madeleine, and the 
Porte de Boubaia or de 8a/int Momrice, were constructed by the 
Spaniards in 1617 and 1622 respectively, and are built in 
briek of divers oolonra. A number of houses built in the 
Spanish style, between 1640 and 1680, are still to be seen in 
the vioinity of the theatre, in the Bue des MannelieiB, at the end 
of the Bue de Paris, and in other quarters in the oity. The 
dtadal, whioh forms an irregular pentagon, is separated from 
the oii 7 by promenades, planted with trees, by the canal of La 
Moyenne-Denle, and by an immense esplanade. At the ex¬ 
tremity of the promenades stands a statue of General Negrier, 
by MsAiel Bra, a sonlptor who contributed largely to the adorn¬ 
ment of lille.' In the distriot surrounding Ldle, there are ex¬ 
tensive beet-root plantations, and the agrionltnral produce 
inolndes flax, tobaooo, oil-seeds, etc. The immediate neighbour¬ 
hood of the oity is studded writh bleaching grounds and 

Lille ie one of the chief seats of the cotton ood linen manu¬ 
factures of France. A great vaxiefy of goods are produced, 
indnding oalioo, cotton cloths, cotton yarn, handkerchiefs, tn- 
diennee, hosiery, gloves, hats, blankets, lace, tulle, table bnen, 
liaoi thread, fine woollen goods, beet-root sngror, leather, paper, 
mhteral ad^ etc. There is a Government tobaoco moau- 
laotozy in the oily, Mid a'saltpctre refinery. It is esthnated 
that I^le and its ontskirts oontain about 206,000 spindles for 
the i^iinniag of flax and tow, distributed over eighty mills, 
aa^kylnir a tots! of abont, 6,000 women. From 4,000 to S,000 
VsngBs Kigaged in the manufacture at sewing thread, which 


ia carried on in some forty cstablidunentB. Only two work¬ 
shops are devoted to the spinning of laoe-throod. Wcdlen 
fabxiM are made in some twenty mills. The numblF of 
spindleB for spinning cotton exceeds 400,000, giving occu¬ 
pation to from 7,000 to 8,000 persons, and the produce 
represents an annnal valno of abont 20,000,000 franos. Up¬ 
wards of 110 establishments are employed in mona&otnring 
common linen cloths, ribands, ticking, and damask; and 25 
houses make canvas and packing d^. In tiie making of 
smook-frooks or blouses about 4,000 women are employed. The 
manufaeture of tulle and of laoe has been steadily decreasing 
for a oonsiderablo timo past in Lille, and threatens to leave the 
dty altogether. Abont 1,200 persons find employment in the 
tobaooo works, and the number of people who ore engaged in 
the extraction and purification of oOs, in dydng, bleaching, 
sugar-making, brass-founding, machine-making, comb-making, 
rope-making, briok-making, and card-making is very large. 
There ore in operation within the new boundaries of 
about 260 steam-engines, besides about 50 in the vidnity, and 
60 in the Bugar-factories. In 1856 the population of Lille was 
retnmed at 67,775; in 1861 it was 131,827; and in “ Joanne's 
Dictionnairo G^ogtaphiquo do la France,” issued in 1869, it is 
stated at 154,749. 

Lille possesses many public buildings and institutions, re¬ 
markable either in themselves or for their historical assooiations. 
The church of Notre Dame do la Treille et Saint Pierre, begun 
in 1855, on the site du liuc, the cradle of Lille, is the largest 
and most beautiful ooolcsiastioal odifioe in the city. It replaced 
the andent ooUogiate church of St. Pierre, founded in 1066 
Baudonin of liUe, and destroyed during the Bevolutiou. The 
churoh of St. Peter and St. Paul, at Wazommes, is capable of 
containing 4,500 persons. Them arc many fine churohes in 
Lille, adorned with pictures by Bubens, Van Vest, Van Dyck, 
Amonld de Vnez, oiul other famous painters, and with statues 
by Bra. The new HOtel de Yille has since 1848 replaced the 
palace of Bihour, built by Jean Sans Peur in 1430 and inhabited 
by Charles V., &om whioh it derived the name of Conr de 
I’Empeieur. This palace was ceded by Philip IV. of Spain to 
the magistrates of Ldle in 1660, and from that timo till 1848 it 
was the Town Hall of tlie oity. In the eighteenth oentnzy it 
was partially reconstructed after two fires. The facade of the 
Hotel de ViUo is in the style of the Bcnaissance, and is deco¬ 
rated with two symbolical statues by Bra, representing Lille 
artistic and Lille industrial. The Hall of Conclave (which ooa- 
toins a fine wainscot and six pictures by Aruonld do Vues) 
and the restored staircase are ^1 that has been preserved of 
the ancient building. Two wings of the second storey of the pile 
are filled with a oolleotion of paintings, embracing 149 pictures 
of the Italian, Flemish, and Dutch schools, inoluding speoimeiui 
of Baphael, Andrew dd Sarto, Paul Veronese, Luca Giordano, 
Salvator Boaa, Bnbons, Van Dyck, Jordaons, Sneyders, Van der 
Velde, etc., and abont 300 paintings of tbo French sohool, in¬ 
cluding pioturoB by Valentin, Lebrun, Arnonld de Vues, and 
Wioar. A famous coUeotion of drawings by Baphael, Michael 
Angelo, Poussin, Titian, Guido, Andrea del Sarto, Frouoiai 
Holbein, Callot, etc., bequeathed to the city by the painter 
J. B. Wi(^; the public library, which oomprises some 40j000 
volumes and 515 MSS., many of them rare and valuable; the 
Museum of Natural History, and the Cabinet of Physical Objects, 
all find accommodation in apartments of the HOtel do Ville. 
Besides, tbis edifice is the seat of the Tribunal of Commerce, 
the Council of Prud’hommos, the depbt for the octrois, the 
police office, and the residence of tiie chief civile and militaTy 
authorities of the Department du Nord, of which Lillu is the 
capital. The Bourse, whioh was begun in 1652, is a pile more 
remarkable for show than for taste. Built in brick and stone, 
it forma a square composed of separate houses, with a graceful 
st^lo over the faqade. The court ia smTonuded with arched 
arcades, supported by oolumns, and is adorned with a statue 
of Napoleon I., oast with the brass of cannons captured at 
Ansterlitz. Among tiio principal remaining buildings are the 
Medical Sohool and the Lyceum, and on the Grand Place stands' 
a oolnmn oommemorativo of the singe of Lillo in 1792, sur¬ 
mounted by a symbolioal statue of the city by Bra. As a 
matter of oonrso, Lille bos suffered and will for some time feel 
the effects of the disaster that has befallen France, but she has 
not been spoeially nnforthnate. In all probability she will soon 
recover her former prosperity. ' 
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THE TEOHNIOAL EDUOATOS. 


MINING AND QUARRYING.—XV. 

Up OXOBCtX aiiASBTONX, V.C.S. 

' ^ TIN. 

BOVKox OF avmit —^nai^rk of orb—BT aBAmira —minino 

—^FLAN OF MIN*—MODE OF WOBKINQ—TIITWOBKBE8— 
TBIB0TXB8. 

This metal is very limited in its geographioal distribution ; the 
prinoipel oommeroiol supplies oome ^m Cornwall and Devon* 
diiie; from a district in the East Indies extending from the 
Malayan Peninsula to the iabuid of Bonoa; and from the colony 
of Vioturia, 

Ob account of its comparative rarity, and the variety of useful 
purposes to which it is applied, tin usually commands a high 
price; at present (1871) upwards of ^130 per ton, which is, 
however, considerably above the ordinary figure. 


generally indioativB of the presence of mineral vmna. Taldng 
them in the order of their importaaoe, Tnro, St. Auitalli sad 
Tavistoch may be eonsidwed the oentM of ihe mining operas 
tions. The vans which for the pioit part have an eaatwly and 
westorly oonrse, often extend Into the granite itself, biri ace 
generaUy richest about the junotion of tto two rooks. 

In describing the mode of working a Cocniafa tin-mina, numy 
of the details will equally apply to the working of coi^ier and 
other ores which are dissommated in lodes or veins; so that it 
win be well to consider them f uUy now, and when trwring of the 
other metals only to touch upon the specialities in the mining 
each. Copper, indeed, is so generally prevalent in the same dis¬ 
tricts as tin, t^t there are few tin-mineB in Cornwall in whidi 
copper ores are not also worked. Several mines which ware 
originally opened for tinstone, became so poor in that mineral at 
the adventurers sunk deeper, that for a time they relied mainly 


The only ore of tin which is worked to any extent is the Cos- i on the produce of copper; some of these—^Dolooath, for instanee 


siterite or stannic oxide, SnO,, but called by 

the miners “tin-stone.” The sulphide of 

tin occurs in limited districts, but it geno- 

rally contains arsenic and other ingredients 

which are troublesome to soparato, while 

the process of smelting the oxide, as will bo 

seen presently, is a 

comparatively easy 

one. The oxide is, ^ ** 

however, obtained 

in two very different 

ways— by regular E 

mining and by - 

streaming. As the 

latter is the simpler F 

and most probably 

the more ancient, < 

wo will refer to it 0 . 

first, though the 

stream - works are 

now becoming of H 

minor importance — 

through exhaustion. . 

Stream tin is ob- __ 
talned just in the 
same way os gold- 
dust is ordinarily K 

collected, by wash¬ 
ing the detritus of , 

the volleys in the - 

district where the 
veins occur. Tho 
tin-stone being dis- B ® 

seminatod in small 

grains through the rook, becomes freed on 
the disintegration of tho latter through tho 
action of the weather wherever exposed to 
the surface; and os tho ore has a very high 
specific gravity, varying from 6'6 to C'9 




Fig. 2. 
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—^became in tom poorer for copper as they 
went still farther, so as not to pay for work¬ 
ing it, but have again become very rich in 
tin in depth, which is now the source of 
their great prosperity. 

The main lode of an imaginary nune we 
will suppose to ex- 

f tend across the sur¬ 
face of the country 
in a crooked line, 
but having, as is 
usually the ease, a 
general east and 
west direction, and 
that it dips down to 
an unknown depth 
in a southerly direo- 
tion, as in Fig. 3 
(see Vol. II., page 
2), where A wili be 
the north and B the 
south side of the 
diagram. Other 
smaller lodes may 
be near at hand, 
running somewhat 
parallel with tfais; 
and again another 
cutting through 
these at about right 
angles, which would 
be termed a “ooun- 
ter-lodo.” This 
last is probably 
charged with some other mineral, and throws 
the others out of their proper place, mnoh 
in the same way os a fault distnrbs the seams 
in a oool-mino. 

The lodes ore not to be understood as 


aooording to its richness in metal, while tho 
other ingredients of tho granite, killas, and other rolfics of tho 
dutrict have a specific gravity of 2'5 to 2'9 only, the tin remains 
behind while the lighter particles are washed away. The detritol 
gravels immediately overlying tho rook are, ^erofore, generally 
stanniferous; and from time immemorial they have been washed 
to separate the, ore. A great part of the surface of tho southern 
half of Cornwall has been turned over from time to time in 
this soaroh, and tho few stream-works now existing are in 
localities which had provionsly been passed over on account 
of there being some praotioal d^onlty in working them. Some 
of these havoli>eon carried by modem soienoe under the beds 
of rivers, and oven of inlets of the sea. 

The tin-mines of Cornwall and Devonshire ate generally found 
in those districts where the granite and other igneons rooks have 
forced their way up through the IdUaa or Devonian formation, 
whieb i^ the prevalent rook in those counties. The granite 
ooours in large masoes, of which there is one in Devonshire—the 
distriq^ of Dartmoor—and four in Cornwall; ^bnt besides these 
ihsle ^ numerous porphyritio dykes, locally called “elvans,” 
vrhhfiilWaify through til the oonntiy, but espeoially those paits 
which Bo between the gioii^o sent^i and these elvans ore 


being full of ore, for they oontain nsnally a 
variety of aubstoncus, generally more or less parallel in their 
arrangement, as shown in Figs. 1 and 2. In tin lodes it is not 
uncommon to find copper on the liangring wall, and tin-stone at 
the oorreaponding part on the opposite side or foot wall, whQe 
tho intermediate spooe maybe ooenpied with mnndio or sulphide 
of iron, arsenical pyrites, wolfram, and crystallised quartz. 
They ere, moreover, very irregular in width and in contents; 
tiiree feet may be taken as an estimate of their avenge thiok- 
fibss, but they range from an inoh or two to several fathoms. 
Tho dip of the lode slso varies very oonaiderably from tiim per- 
pendioular, often os muob as 45°, tbongh 20° may be taken os 
an average dip. 

The first step in opening the mine is to sink a shaft to a 
certain depth, .^ot mnoh below the surfaoe, ti^t may be de¬ 
termined to be the best level for the adit. This,‘Whenever 
possible, is fixed for sndh a level as out ^e sutfaioe in some 
hollow, and so enable the'water to flow from it without pump¬ 
ing ; and jnat snffioient inclination is given to' it to cause ^ 
water to nm. This is oonsidered the startimg point of tibe mine, 
and the deptb;<^ the wions levels iS' amasui^ drom tiie adi^ 
and not frewthe surface, which, of oonrse, is often very uneven. 






MINING AND QDAEEYING. 


6B 


Tke a£t (tlis vais dndn of « ndBo) is marked a in the aooom- 
pooyinK diagxwn (Fiy, 8), vhioh represeitts a section of part of 
the workmge on the oonnter-lode in the celebrated Bolocntth 
mine; and the npper levela are seen at distaaoes of ten fathoms 
apart. The oroas seotion of the main lode is shown at the side of 
the diagram, and marked D c. From tile adit the shaft is sunk 
sometimes perpendionlarly, and at other times following the dip 
of the lode; the latter is sddom done nnless the dip is very slight, 
as a perpendionlar shaft is the most eoonomioid for working. 
Xkom the shaft, when perpendionlar, the levels are driven to out 
the lode, either to the right or left as the case may be, as shown 
in Fig. 4; and then, following the course of the lode, the ore is 
worked ont between the levels, wherever, aooording to the judg¬ 
ment of the captain, it gives promise of the best result. Thoso 
portions whieh have been worked out at Dolooeth are left white 
in the seotional drawing, and will be seen to lie principally in the 
neighbourhood of the great elvan course. The elvans are indi¬ 
cated by the letter x. The granite and killas are distinguished 


at both ends at once, and sometimes in the middle alaa for 
the sake of saving timo; but it requires no little nicety <w oat 
onlation to secure that the several portions of the work ahali 
meet properly. 

The principle of exploring and working ore at the same time 
is constantly adopted in aU mines; and it applies equally to 
opening them out laterally as well as in depth, the direction 
whieh the explorations take being generally guided by the 
oharaoter of the rook and the appearance of the lodes. Thus 
in the Dolooath mine it will be soon that explorations have 
been pushed on the oonntor-lcde fur into the granite, tiiongh 
apparently with little snooess there. Had we before ns a plan 
of tho workings on the main lode, however, it would be found 
that some of the largest deposits of ore occur whe^ it enters 
this rook. 

A large quantity of timber is used underground, both as sup¬ 
ports for tho rock wherever weak, and in the shafts, as well aa 
for tubbing wherever water occurs in quantity. Fig. 5 will illus- 



^^8- 3.—BBCnON OF PABT OF THE WOBKINOS ON THE COTTNTBB-I.ODE OF BOLCOATH TIN MINE. 


by being shaded differently. The small shafts from ono level 
to another are termed “winzes;” they are driven on tho lode, 
partly for the sake of ventilation, and partly to afford an oppor¬ 
tunity of seeing the character and richness of the lode for ore, 
which is nooessary in sotting the pitches, an operation to be pro- 
seatly desoribed. 

Tin-mines are often very wet, and it is therefore necessary so 
to lay ont the plan of the workings that the water shall drain 
freely down to toe pump, which is tho bottom of the engine-shaft,a 
BO called because at too top of it is tho pumping engine. Those 
used for drawing the ore to toe surface are called whim-shafts. 
In large mines toere are several of each, which arc distinguished 
by different names, as Henriette'a shaft, marked H sin Fig. 3, so 
named on aooount of its proximity to Henriette’s lode marked c c. 
The rook through which the shal^ are sunk is generally hard, 
and the progreas made in siuking is often very slow; but a tin- 
mine has this advantage oveg a colliery, that toe ore is reswihed 
near the surfooe, and returns may be m^e from tho nppmc levels 
while still sinking to greater depths. 

When a mine has been pretty largely developed, and It is 
desired to have a new) shaft to oommnnichte di^V with some 
ct the more distant workings, it is common to begin operations 


trato toe Jhterior construction of tho shaft, and the way in which 
miners ascend .and descend. Wlicn a mine has reached a great 
depth toe toilihg up toe ladders to the surface becomes a very 
serious matter, especially after having completed q. day’s work in 
so warm on atmosphere as that of a deep mine. It not only oocu- 
pies unproftably a great deal of time—^three-quarters of an hour 
or more, perhaps^ in making eaoh journey—but demands great 
physical exertion also, both in dosoonding aud ascending. In toe 
best-regulated mines a mim-en^no is therefore substituted for 
the ladders, by which the timo occupied is reduced io about one- 
fourth, and very little exertion is required, llinso mitehiiies were 
first used in Germany, and thoir working may bo best explained 
by reference to toe ooeompanying diagram (Fig. 6). A b and CD 
are uprights which move in too shaft vertically by turns through 
a space of twelve feet, so that os ono ascends the other descends; 
B, F,o,H, etc., are platforms fixed to tho uprights, upon which the 
miners stand. The engine being set to work, toe miner has only 
to step from e to F when the two have arrived at too same level, 
and then pause a moment until he finds himself on a level with a, 
when ho ^pa bato to toe first side. At every stop, therefore, he 
descends trrolve feet, and ascends in liko manner by merely re- 
vetting the order, h to a, a to f, etc. 
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THE TSSOHNIOAL EDI7GA.TOB. 


DIt» Ikbou nadezgtoimd » performed bj two daaeea of men, 
tbs iitiroiken And tribnten. The fomeruethoM tAoexeonte 
iRMtk bjr the pieoe, irenetally oelcnlated b^ the fathom. By these 
the Bhuts are ennk, the a^ts driven, and all other exoavatioiu 
made in those parts of the mine which do not prodaoe ores. The 
OBfptaln of the mine havii^ deoided on certain work to be done in 
nnionB parts of the workings, lets out oontraots for each job to 
a party of tutworkers at a price mutnally agreed npon, whioh, 
of oonree, Tarios very greatly aooerding to the natnze of the 
work, hardness of the rook, etc. Daring the progress of their 
oOntnuit they reoeive pay on aeoonnt, a snffioient margin being 
Mfe to cover ooniingonoies, and the balance is adjusted on the 
oompletion of each job. 

Ihe tribnters work only at the extraction of ore. They form 
themselves into parties who agree to work a portion of a lode 
for a given time in the best manner they con, reoeiving as their 
remnneration a certain portion of the valae of the ores raised, 
as may be agreed upon. The captain of the mine has marked 
ont tim several pitches whioh ho proposes to sot, and the tribaters 
have inspected them, preparatory to the setting day. At the time 
appoint^ for that purpose thiy all meet at the office, the captain 
pats np the pitches to anotion, the biddings proceed downwards, 
and the jMirties of tribaters who agree to take the respeotive 
pitches at the lowest rates of tribute get the oontraots, provided 
they are not above what the captain thinks they ought to be; when 
Booh is the ease they are withdrawn for another occasion. The 
rate per £, of oourse, varies according to the apparent richness of 
the pitch and the prioe of the metal at the time, as it is oalcnlated 
npon the money actually realised by the ores at the periodic sales, 
or upon an agreed price based upon the probable course of tho 
market. Tho tributers buy their noalB, candles, and gunpowder 
&om the storoB belonging to the mine, at fixed prices, and pay 
for faanling and raising the ore to the surfaoe, as well as the 
wages of those who wash and dress the ores for sale. They also 
xeo^ve subsistence money during the progress of their oontraots, 
the balances being paid as soon as the amount of them can be 
asoertained either from the actual sales, or by oaloulation 
based npon the agreed value. The tribnters have still greater 
elements of uncertainty to contend against than the tutworkers, 
bat then they ore oooasionally rewarded with a rioh find; and in 
the long run they realise rather bettor wages than the latter. 


PAPER AND CARDBOARD MAKING.—m. 

BY aXOBOB T«rDAl.i:.. 

PBEPAEATION OP THE PULP. 

Tax materials having been thoroughly digested by boiling in 
oaostio liquor, until the various subatanoee which require separa¬ 
tion ate either dissolved or thoroughly loosened from the fibrous 
portions, are now in a condition to be broken up and oonverto4 
into pulp; but here some difference of treatment is required', 
for the two oloseea of materials we have described; and, follow*' 
ing the coarse wo have taken in former papers, wo -will first 
dsBoribo the ordinary -treatment of rags, and then point out the 
necessary variations in this treatment for crude vogethblo fibres. 

^ Ti» first process to which rags are subjected alter boiling is 
a rough breaking np in a machine termed a waehing.engine, 
dnxing whioh the remaining impuritieB, loosened by the strong 
ooiNB of boiling they have uadergime, are washed out, and in 
vAidi tho process of bloaohing, if the rags are intended for 
Bddte papers, is usually performed. 

l%e washing-engine ie on oblong oval vessel, usually of iron, 
abahoagh jrood lined with load was formerly used. This vmsel is 
divided down the oontre -with an iron partirion or diaphragm, 
which serves for regulating tho oourse of the mato^, the 
distanoe from tho partition to the sides of the vessel being about 
the same in every part; the shaft of the roll extends aoross the 
eugiite, and in t^ most improved form rests in bearings placed 
on movable arms on each aide, whioh be Burndtaneoasly 
xaisad A lowered, and is driven by a belt on one side. The roU 
ooo^des the full -widtii between the ^phragm and one side of 
the sngsae, and is usually shout two feet te diameter, divi^ 
parritione, in which inael ban are plaoed, fastened down by 
sraidm, snd illtaly seonred bysa non hoop' uiBerted at tiie end 
vi ^ ruQ- ^e fioor of the engine is gradually raised to the 
fk^AVbatcSl, and then roBhdedteifesfcsm,ABdia the bottom 


of this oircolac depression is plaoed the bottom plate, eonsiarimr 
of a number of at^ bars similar to time in the roU, fixed firmly 
together, and fitted into a frame for eonvenienoe of removal. 
Ei^ of these bars has a cutting edge, and when the roll is set 
to motion and revolving with great rapidUy, the materials ace 
drawninto the vortex ihus formed, and passing between the roU 
and the bottom plate, ate out into minute fragmante and thrown 
outviolentiyontheotiierBideof theroU. By this means tile whole 
mass of materials in the engine beoomes involvedin the onrrenl^ 
and is oatried round and suooessively enlguoted to the action of 
the roll tiE suffioientiy out to pieoes. Above the engine, and. 
capable of being elevated and lowered by suitable mactoinexy, is 
the drum-washer, as it is termed—a hollow cylinder fitted with 
budeets or suckers inside, and covered with strrag ooarae-meehed 
wire, and outside this with fine wire ganse. When the engine is 
dtaxged with tags and filled up with water from a large supply- 
pipe brought to each engine, the roll is set going, and as the 
stuff is broken up the chum-washer is lowered down into the 
engine, and set in motion. The dirty water is taken up and dis- 
ohuged from orifices in the axis of the drum, from wMeh it is 
carried away by means of a 'wasto^ipo; at the same time a 
oopions supply of clean water is poured into the engine; and this 
process is oontinned until the -water flowing away is quite clear, 
and the tags are thoroughly oleoned and broken into very small 
pieoes. A flne grating at tke bottom of the engine allows of the 
escape of heavier matters, such as will not pass through the 
-wire gauze of the dmm-wael^, into a square trough, whioh 
must bo regularly cleaned ont. ’ 

' Tho process of bloaohing is next performed, -the materials 
being subjected to tho action of chlorine until all the oolporing 
matter they contain is destroyed, if tor white papers, emd as far 
as is nooessaiy for other sorts. For this purpose the bleaohing- 
powder of oommeroo or ohloride of lime is employed. This is 
dissolved in a similar pan to -that used for the eon-version of soda- 
osh into oaustio soda. Tho bleaching-powder is put into the pan, 
whioh is then filled with -water, and after being agitated for some 
time, the clear Uquor is run off into a cistern, whioh should be 
either of atone cemented, or should be lined -with lead, and tho 
connooting-pipes should also be of lead. Two or three liquors 
should bo Uon from the same portion of bleaobing-powder, and 
the whole run into tho -tank, care being taken to use it regularly 
of the same strength -to secure uniform results. A sufficient 
quantity of the clear liquor is now added to tho materials in tho 
engine, the notion of the drum-washer being stopped, but that of 
tho roll oontinned, so that tho bleaching liquor is soon thoroughly 
mixed with the etnff as it passes along. The addition of a little 
anlphurio acid causes tho chlorine to be liberated more readily, 
and thus assists the bleaching process. When ready, a plug is 
drawn at the bottom of the engine, and tho bleached stuff, now 
oalled half-stuff, is oarriod -through wood pipes and emptied into 
large stone oistems having a floor of perforated flat tiles, 
similar to -those used for the floor of maltisg-hooses; hero it is 
allowed to stand to the liquor for some time, and afterwards the 
spent liquor is drained away through pipes, and sometimes 
pumped into a oistem, -to be used over again -with other materials 
at the close of the washing process. Care ehonld bo exorcised 
to nee the ohloride of lime in os fresh a state as possible, for the 
chlorine is oontinnally being evolved where it is exposed, and the 
bnoketa used for oarrying it should be made of gnttsr-peroha or of 
sound hard wood, metal buckets being soon destroyed by the 
aotion of the liquor.^ 

The process is reiy nearly the same for crude vegetable fibres, 
snoh as straw, esparto, and wood; but for these Babetanaes a 
pooohing-engine, as it is termed, is used. This engine is similar 
4n all respects to the washing-engine before described, but is 
usually muoh larger, and the roU, instead of being famished 
with a large number of steel bars, has a smaller quantity of wood 
ones. The severe treatment neoessaiy to destroy tiie silioa and 
other imparities in these materialB, softens tho fibre so madh 
that they are easily broken np, and only require the fibns draw¬ 
ing out, whilst the effect of the etoel rolls is ttf .'«at up tiie 
materials sabjected to its aotion, instead of braising tiiem, as is 
the case in the poaohing-engine. The process of blesohing is 
similas to that described for rags, bat it is nsual to bleach-th^ 
materialB in a hot state, by injecting steam into the engtos 
daring the opemtion t thisawiste tiie bleaching, sndensbleB tiiat 
prooess to be earned further than is possible in the add state, 
sad with gr e ater tapidhy. 
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(ih« bleHohed materwl, or is ihoroiigrUy 

dtviiisdi it is liliroira oat of the oittems,eiiiier into staoks or at 
onoe into boxes, and sent oh to tbe beatiag>eugine8 ,* bntitisaJl 
the better for remaining some time—at le^ one wbele daj—in 
the dstems, as the presence of free ohloriae is rery^ detrimental 
to the proper dyeing of the pnlp.^ 

The waste made ^ the mannfanttire of flax—a ralDable mate¬ 
rial to the paper-maker, bat one very full of "eheaf "—^ie, after 
being thoronghly drained in the cistern, sabjeeted to another 
willowing prooeee, colled, to distingniBh it from willowing on- 
bleached materials, “white willowing.’* For this pnrpose it is 
pat into a strong wrooght-iron oiroolar box, perfotaW with holes 
at the sides, and this is placed in a powerful hydranlic press, 
having a dxonlar cast-iron block, nearly os large as the inside 
of the staff box, fixed firmly to the top of the press ; by this 
means the water contained in the half-staff is efl'ectnaUy pressed 
out and passed thiongh the i>eiforated sides of the box, and the 
dried material passing throngh the willow, which revolves at on 
enormoosly high speed, is tom to small fragments, the fibres 
thoronghly loosened, and aU foreign matters forcibly ejected in 
the onicent formed by the rapidly-revolving cone. 

In the next stage, that of beating, the pulp is thoroughly pre¬ 
paid for the paper-maohino, and here the greatest ooro mnst be 
exorciBed by the paper-maker, for upon Mie proper admixture 
and preparation of the materials in this process mnoh of the 
ohaiaoter of the paper depends. The beating-engine is in all re- 
sx>eots similar to tho woshing-engiuo first described, bat is often 
larger, and the steol bars of the roll and those of the bottom plate 
most be regnlorly sharpened and kept in order, as here tho stnff 
most be oompletely reinoed to pulp, oomminuted so fine indeed 
that no peroeptible lumps or pieces of rag must be found in it, bat 
every fibre drawn and separated from those with which it was 
before associated; here, also, the pulp must bo dyed to the colour 
required, and, unless animal sized,' that proooss must also be 
added. The engine is, in tlic first place, eharged with the material 
selected, and with a oopious supply of water, and the toll set in 
motion'; hero, too, a higher spoed should be attamed than for 
washing, one hundred and lit'ty revolutions per nfinute being re¬ 
quired, and this must be kept np from three to six hoars. First, 
a little hyposulphite of soda is added to destroy any free ohlorino 
whioh may remain in the half-staff after bleaohi^ (this salt is 
usually called “antiohlor’’ by paper-makers),and the drnm-washer 
is also lowered, and used to wash out the resulting combination. 
The colouring matter is then added, ultramarino being the most 
commonly used for fine papers, whether white or blue; if for the 
former, rose-pink or somo of the magenta oolenrs being 
added to gflve warmth of tone. Forin.'riy tho oxide of cobalt, or 
smaltB, a very costly colour, was nnivorsalJy used for blue writ¬ 
ing-papers, and for tho finest band-made papers this salt is still 
used; but the great improvements recently made in tho manu- 
footnie of ultramarine has led to its more extensive use for the 
groat majority of papers, and its effect is more pleasing to the 
eye, if not so durable as that of smalts. Tho agreeable yellow 
tone, latterly so much liked for book-printing, and oven for some 
newspap^, is prodnood by tho use of nitrate of iron instead of 
ultramarine, whilst various othor salts are nsod, either alone or 
in combination, to produce the almost endless variety of colours 
in whioh paper is now mode—a variety very largely Ltoroasod 
during the iwst few years by the researohes of chemists in tho 
subject of oool-tar and other waste prodnots, and tho disoovory 
of aniline, and with it of that beautiful series of oolours which, 
for brillianoy and effect, far surpass tho muoh-prused and, in some 
OHse, lost oolours of onoient times. ' 
yj^e earthy matters—such as olays and other minenil sub- 
stanoes—are also introduaeduf this stage, to the great detriment 
of the strength of the paper, though sometimos to ite odvantago 
in appearanoe. In some of tho lower classes of paper the per- 
oeotege of mineral matters is very great, and oven in good print- 
' j'^ddna day^-as the fine white ^y of Devonshire and Com- 
pi oaUed-^ exteneively nsed^ 

papers are now sised in tho rag-engine—indeed, all the 
ir impers, aa well as a large proportion of news and 
igs, and a few writings, ace sized in this way. For this 
» rosin is boiled with soniewhat less than half ite weight 
if fe da -ae h , until it dissolves when beaten up in water ,* when 
eolS the water is thrown off the top, and a stiff tenaoiona sise is 
^ nnKf irhiah is stared for use, as it is mnoh better after 
I • nmift. When WMd it is dissblTad in kaflh^ 


water, and the precaution is taken of passing it through a sieve, to 
keep back the impimtiea found in the resin and soda-ash from 
whioh it is made. This preeantion shonld-alaoi be taken with all 
the substanoee added during the beating of the pulp; the alum, 
antiohlor, and also tho clay, are beat dissolve in water and 
strained throngh a wire move before they are nsed. Too mnoh 
care cannot be taken to exolnde foreign matters, especially if 
clean papers are being made. 

Different materials vary very much in ihe amount of room 
they oeonpy in the beating-engine; esparto, for instanoe, is eon- 
sidmbly more bulky for weight than rags, and after a little 
beating is considerably reduced in volume. Advantage is taken 
of ^.liig oironmstanoe to introduoo some other weighty snbetanoes, 
such as waste papers if they are used, to fill up the engmee,and 
BO inoreose the weight of pulp made in a given time, othenr^ it 
is evident that more engines would be required for the manufaotaXe 
of a given amount of paper ftom esparto than from rags ; wood 
pulp also may be added after the vokune of other matmiols is 
reduced by bating, and thus help as a filling. 

When the engine is fnlly charged and the operation fairly 
oommenoed, tho roll, which is started so as to run at some little 
distance from &e bottom plate to allow the materials to pass 
easily, is by small degrees and at intervals gtadnolly lowered, 
nntil before the operation is completed it runs in ooutaot with 
the bottom plate. An ingenions pieoe of meohaniam called a 
: Bolf-aotor baa rooeutly been inti^aoed, whi;di relieves the 
I engineer of the trouble of lowering the roll by performing that 
operation gradually and oontinuoasly during the process, and 
can be arranged to do so in a longer or shorter time, as may be 
neoessary for different materials. This is a very useful •^jnnot, 
OB it seonroB uniformity in boating, and guards against the oate- 
loBsneas of tho man in charge, whose duties are then almost con¬ 
fined to seeing that the pulp travels regularly round theengine; 
as it is liable to stick in the neighbourhood of the diaphragm or 
at the bottom of the engine, and requires sending forward with 
a long flat rod, made something like an oar, so that every 
portion of the stuff may be eubjeoted equally to the action of 
the roll. 

It will not be unprofitable to compare tbis prooesa of preparing 
pulp to that practised before tbo invention of the rag-engine and 
within the memory of some living paper-makers, when tho rags, 
after maoerating for many days in a close vessel until putrefac¬ 
tion set in, were beaten by means of stamping-rods shod with 
iron, mnoh like the fuUing-stooks not long ago used in the 
woollen oloth manufacture; these worked in strong oak or stone 
mortars, and tho rags wore literally almost “ pounded to a jd]^ ’* 
in tbis rudo apparatus. Forty pairs of these Btamping>-ioda were 
required to work twenty-four hours in preparing pulp for one 
hundred weight of paper; now a singlo rog-ongine will prepare 
pulp for three or four hundredweight of paper in four hours, 
and many paper-moohinea produce over twenty tons of paper 
weekly. But increased facilities for the manufacture of paper 
have been met by an increased demand, which is daily augment¬ 
ing, and a single London doily newspaper now uses nearly one 
hundred tons of papor weekly, or tho prodnoe of thrm or 
four paper-machines, kept constantly running day and night, 
and the ijumbcr of journals—daily, weekly, and monthly—is 
oonatantly inoroosing, so that apparently there is likely to 
be no lack df demand for any amount papor that may bo 
produced. 

vAftor tlio beating process has been oarried on sufficiently for, 
wlfich i« ascertained by mixing a little of the pulp with a quan¬ 
tity of water, and carefully noting that no lumps arc left, but 
that everything is reduced to minute fibres, whiob float about in 
the water, tho pulp is conveyed by wooden pipes or shoots into 
large circular iron or wooden ohests, preparatory to its final con¬ 
version into papor. Some oare is required in sending down the 
pulp, especially if there is any sndden fall from the engines to tho 
chests. If Ihe plug is suddenly drawn, and the pulp allowed to 
rush rapidly down, the fibres sometimos mat together, forming 
little “ knots,” os thqy are oallod by tho paper-maker, and those 
are sometimes so frequent as to give the paper quite a ^peokled 
appoaranob when looked throngh. To remedy this, the engine 
should be emptied gently, and plenty of water used to wash it 
down. This is a very common cause of tho formation of “ knots,” 
though they will someiimeB form in the stuff-chests, espeoiaUy 
if the pulp is allowed to stand any oonsidomble time bef^ it ia 
finally oo nv ertod into paper.'} 
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TECHNICAL DRAWING.—LIL 

GOTHIC STOHBWOBKr 

xroBauiir obhakzhts, windows, and doobwats. 

Vorman Ornaments .—The main feature intiie NonsAn metiiod 
of oraaioeutatioii oonsiBted in the een^tnred hands worked 
aronndthe arohea. Thoeehave been oalled mould^Si tiiey 
am not, howerer, really anoh, bnt merely dteoratioM of the 
monldinga. These omamontearealmost infinite in tiieiryariety, 
and all of a peonliar deaoription. Th^ appear in some inatanoea 
to be additions carved on the originally bnadomed anifaoe of 
the maeoniy; bnt in moat oases 
thsy were evidently worked on 
the block before oonatruotion. 

Amongst these bands, the 
earlieat and moat general is the 
ohevKm or sigzag (X^. 458), 
which is fireqnentiy met wiih 
doubled, trebled, and qnadm- 
pled. ^e next most common 
on doot>monldingB is the beak- 
head (i%. 459), consisting of a 
hollow and a largo round. In 
the hollow are plMed heads of 
beasts or birds, whose tongnos 
or beaks encircle the round. In 
the west door of Iffley Church, 

Oxfordshire, two whole orders 
are covered with these beak- 
heads, which extend down the 
entire length of the jamb down 
to the base moulding. Wo also 
find the alternate billet (Fig. 

460), the donble cone (Fig. 461), 
the star (Fig. 462), the square 
billet (Fig, 463), and the lozenge 
(Fig. 464). Amongst others wo 
find the embattled, the dove¬ 
tailed, the interrupted arch, the 
open heart, the pointed arch, etc. 

The immense number of those 
ornaments are here only indi¬ 
cated, our limits precluding 
further illustration of them. 

The illustration (Fig. 465) is 
a view of the doorway of the 
porch of St. Mary’s Chnroh, 

Walmor, Kent, which, although 
smoU, is exceedingly character¬ 
istic of the style. The “ outer 
order” Is divided into three 
bonds, which are ornamented, 
two with the “indented" or 
“trowel-point” bond, and the 
one with billots alternately broad 
and narrow. The indented pre¬ 
sents the appearance of a stno- 
ooed wall which has been pressed 
with a trowel-point before set¬ 
ting, the point being pressed 
deeper into the mass than the 

broader portion of the blade. The second order oonsists of a 
hollow and roll moulding, and the third is left nnodomed. 
Fig. 466 is a portion of the ornamental bands enlarged. 

Fig. 467 gives a view of a portion of the ohsaoel arch 
of the eame ohuz^. In this example it will be noticed that 
the abacus—that is, the flat block wUoh rests on the capitals— 
is oontinned from course to course, and round the jamb, being 
ornamented with a kmd of diaper, formed of squares divided by 
lutes parallel to the sides and by diagonals. The result is a star, 
which is worked Tssy shallow, thus not destroying the flat cha¬ 
racter of the abaons. The capital is of the onshion oharaoter; 
bnt its Height being rather greater than is nsnsl, uid the fiat 
port bong recessed in a kind of trefoil form, it has a rather ele¬ 
gant jwpearonce, espedally as the odlnmn is by for more slender 
otnnman in Korman wmrk. The ontw ting of the oroh 
bis kAW covered with an ornamental bond, which wonld seem 
to have been somewhat tiimilar to the blaa^ monlding called 


the and dart.” There is, however, only bsrest toaoe 
of this remeining. Next foUowa the s4rMgk and in the next 
order we again have three bands worked on the eame ring- 
name^, a dingle indented pattern, which is mor^ andther ra* 
dexing of the sigsag, and Which nay perhape have enggestad 
the tooth ornunent whioh forms so distingniBhiag a feature 
in the sneoeeding period. Next to this oomes tto “pellet” 
or Bind, wludh oonsists of aironlar pellets placed next to each 
other, while the inner bond is ornamented with the “trowel- 
point.” 

Normtm Windows .—^The windows at this period form bnt 

subordinate features in the 
bnildings, and in earlier ex- 
amplee are UtUe better than 
elite or narrow oblong aper- 
tnres, often not oxoeeding a few 
inobes in breadth, and finished, 
with a plain semi-oironlar head. 
The glass was inserted close to 
the external wall, and the sidee 
of the apertnre were splayed 
towards the interior. The pro¬ 
portions of the Norman windows, 
as a rule, are tho same as those 
of tho doors, and very rarely 
oxcood two squares in height, 
inolnding tho oitorior orna¬ 
ments. After a time the wiudow- 
arohoB were enriched by the zig¬ 
zag and other mouldingB, and 
at a still later period an im¬ 
portant improvement wag mndo 
by inserting nook-shafts in the 
jambs, similar to those in door¬ 
ways. A window of a still 
more advanced oharocter is often 
found in tho upper stornys of 
towers. It oonsists of two lights, 
with semi-circular heads, sepa¬ 
rated by a central shaft, and 
having a jamb shaft on each 
side. Tho two lights are en¬ 
closed under a larger sumi-cir- 
onlar aroh, the spandril of which, 
however, is rarely, if over, pierced. 
Plain circular windows of small ' 
dimensions are somotimos seen 
in clerestories and other posi¬ 
tions ; and in churches of later 
date ore occasionally found in 
gable walls larger windows of 
the same form, with small shafts 
radiating from tho centre, con- 
neotod at the oirenmferenoo by 
semi-oiroulaar or trofoiled arches. 
There is a flno example at Bor- 
freston, Kent. 

Norman Doorways. — These 
are to be found in groat variely, 
from the most simple to the 
most elaborate. The most 
simple oonsists of merely a semi-oiicnlar-headed apertnre, with . 
a hood-monld springing from plain square-edged jambs. The 
arohes spring directly from an impost resting on the jambs. 
More fr^nently, however, the doorways are reoessed, having 
tt nook-shaft in the angle, formed by a reoeasion from tho 
capital, from which on arohivolt springs, so that the oroh in 
this oaso presents two soffits and two facies, besides the hood- 
monlda. Somotimos we have a snocession of such receding 
arohes, with a nook-shaft in each recess, from whioh the orehea 
spring alternately with the projecting sqnare-ed^ed jamba. 
The depth of the doorways is owing mainly to the gf^t thick¬ 
ness c^ the walls ; bnt in many cases, in Edition to this, that 
portion of the wall in wliioh the entmnoe is inserted is'made 
to project forward beyond the general fooe, the projection bring 
finished above with a plain horizontal oappbg, or :iritb a highly - 
pitched gable. With tfaiB additional thii^ess of walU:^ we 
sometimeB find os many as six or right recessions, so tlmt the 



Fig. 467. 




TECmnCAL DEA.WING. 


^Mitar* ot tbe door ooonidm but s racy BmitU proportion of the 
qpMo when eompared wi^ the entire inrfiMe tak«i up by the 
doorway, tn olnd ing the dreaainga. I^e eoffite and &oe8 of the 
aroh, me well as those of the jambs, axe Bometimes left plain, 
but axe more ftoqueutiy aoulptured with the ornamental banda 
juBt dsBoribed, and to anoh an extent has this kind of de¬ 
floration been sometimeB carried that in many instances there 
is Boaroely a single surfooe left nnoorered with some form of 
omamentotion. Even the shafts of the pillars, as already 
mentioned, are sometimes decorated in a similar manner, but 
they are more often plain, with capitals of Tarious degrees of 
enrichment. Occasionally an enriched band is carried across 




Kgs. 465, 466.— doorwat of Tna pouch op bt. mabt’s 

CirUBCH, WALHBB, WITH UNLABOJED POBTION OP ARCH. 


the sliaft and jambs, as if to tie them togotlicr. ^ ^o aperture 
often follows the form of the arch, having a semi-circular head, 
but is very frequently square-headed, having a somi-(^oular 
tympanum of masonry to fill up the spooe between the lintel of 
the door and the introdos of the arch. This is generally 
enriched with sculpture, sometimes in a sort of diaper pattm 
of retionlated or scallop work, but more frequently ropresmting 
in low relief some portion of soriptwal or traditional ^tory, 
He west door of UJxjhester Cathedral is a splendid specimen of 
a doorway as here described. Not nnfrequently the head of the 
aperture is in the form of a square-headed trefoil, and some- 
timee of the segment of a (firde of a larger radius than the 
external sroh. 


6r 

A grsat many sxamplm of Norman doorways still remain 
eren in churohes which present no other features of this style, 
for it seems to have been a frequent praotiee with ^e arohl- 
teots of later periods to preserve this portion ot an did ohuroh 
even when they rebuilt the entire stmotnxe in a later style. 
Many of these doorways are certainly very rich and beant^, 
and their preservation does credit to the taste and judgmmit of 
snooeeding ages. 

B«mi-Norman, or TremtiHonfrom Normbn to Early EtigUth.-^ 
To a period somewhat earlier than the middle of the twelftli 
century may be ascribed the first appearanoe of that diange 
in the arch which in the thirteenth and the two foUowinK 



Figs. 458-464.— various forms op MOUUDiNas OF the 

KORMAH PEIUOO. 


’ centuries became generally prevalent. Tho arch alone, how¬ 
ever, is no real tost, for “ many pure Norman works,” says Mr. 
Biokmon, “ hove pointed arohes. Tho square abacus, howevw, 
may be taken as the best mark. The pointed oroh, in its 
incipient state, exhibited a change of form only, whilst the 
aoceBBories and details remained the same as before; and 
although this change gradually led to tho Early Pointed sfyle 
in a pure state, with mouldings and features altogether mstinot 
from those of the Norman, and to the general disuse, in tto 
thirteenth century, of the Bemi-oiroulor arch, it waa for a while 
BO intermixed as, from its first appearance to tho doso of the 
twelfth century, to oonstitnto that state of transition called 
the semi-Norman." 
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BUILDEES* QUANTITIES AND MEASURE- 
MENTS.—IV. 


BT E. WTHDHAJI IAXS, H.A. 

SXiJIPLE OF KEXHOD OF TAKIKO OUT QUANTITIEB. 
Wb ahall now iUuBtr«.te the foregmag Tulee by taking out the 
quantitiee of a reatangnlar bnil^ig, 80 feet by 20 feet, three 
etoT^e high, the walla in the lowest storey being 2 brioks or 
IS xBohes tldok, in the next li brick, and in the top 1 brick 
tiiiok; the ohimney-breasta projecting 9 inehea, or 1 brick in 
each storey, and the foundations consisting of-four courses of 
footings, haTing a set-off at each coarse, upon a bottom of con¬ 
crete 3 foot 6 inches wide, and 15 inches thick; also a cross 
waO of cement concrete 9 inches thick npon the bottom storey, 
upon 6 inches of footings 18 inches wide, with briok-nogg^ 
partitions over it on the two upper storeys. The lowest floor 
is taken as haying a tiled floor Ud npon conorete. One front is 
faced with malms and tuck-pointed, the other being flat-joint 
pointed; fiat malm cutter arches oyer all the windows and 
doors;— 
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THE TBOHNIOAL BDUGATOE. 


SHIP-BUILDING.—IV, 

BT W. H. WHITB, 

Fallow of tlM Bo^al School of Naral Amhitactnia, aoS Uemlwr of the 
Institation of Naval Arohiteota. 

COHBAIUTITX BITNBSS OV WOOD AND IBON FOB BHIP- 

BUILDINO {emtimied). 

Wx will next proooed to notioe another point of interest haTingr 
relation to the nse of wood and iron—namely, the great eon- 
traat between the character of the fastenings employed. An 
iron ship is wholly fastened with iron mets; the hull and its 
fastenings being formed of the some material. A wood ship, 
on the contrary, nsnally has iron or copper bolts for its prin¬ 
cipal fastenings, and those axe obvionsly much harder than 
the wood, so '^t when straining forces act upon the hnll the 
natnral oonseqaenoe to be looked for is a yielding of the softer 
material where it is pressed upon by its fastenings. This 
yielding may not be of perceptible amount in individual parts 
of the sfanoture, but it is no less real, and in many instances 
leads to “ wprk^g " in the hull. In short, as a result of the 
dissimilarity in character between the fastenings and the various 
parts of a wood ship, it is scarcely probable that the full strength 
of the material can ever bo developed, no matter how well it may 
be disposed; because some amount of yiriding, and consequently 
of “ play,” in the various parts is imost unavoidable. The 
same thing is not to bo found in iron ships, for there the 
material is as hard as the fastenings, and the plating is no more 
likely to yield than the rivets axe to “ shear,” when proper 
arrangements ore made. As a result, it is reasonable to exxioct 
that a fuller development of the sti^gth of iho material wiU 
be obtained thou is possible with wood ships. 

It has' been said before that wood ships nsnally show their 
weakness by hogging, and that under this condition their upper 
portions are subjected to tensile strains, while the lower portions 
are compressed. Against this compression it is easy to provide, 
as we shall see shortly; but for the reasons stated above it is 
not easy to make the longitudinal pieces and the docks efficient 
against severe tensile strains. Even iu somo of the modern wood 
ships of tho navy, well built ns they undoubtedly are, slight 
symptoms of weakness have been observed in the upper works; 
and in loss carefully constructed vessels oonsidorahle changes of 
form are sometimes observed. It must not be overlooked that 
all such ohsjigos are disadvantageous, for they imply a yielding 
which must, in some measure, give scope for play and working 
in the various parts, and tend to roduco the vcs.<iors durability 
as well as her strength. Kocognising this foot, and desiring to 
prevent working in the upper iiarts of wood ships, some builders 
have for years post used iron beams for tho upper decks, and 
fitted iron longitudinal ties npon the beams. This has proved to 
bo a very great advantage, and has furnished further evidence 
of the suimriority of iron to wood for ship-building purposes. 

In this oountty wood is not easily obtainable of the sizes and 
foms required for ship-building, and has to be sought elsewhere; 
this was, as wo have seen, a very serious drawback to tho nation^ 
industry a few years ago. ''^en obtained, it is shaped and 
fashioned with considerable expense and j^cnlty, and it is 
moreover oomhinod in a necessarily imperfect manlier ; besides 
wbiob it is liable to many defects not easily disoovor^lo, and 
often decays rapidly. On the other hand, iron is abundant with 
ns I it can be procured readily of all tho sizes and forma required, 
and shaped without difficulty; it admits of very superior 
oonnections and oombinatious ; its defects are easily discovered 
if th^ exist j and its durabilily is greater than that of wood. 
No on® is likely, after the exporienoe of the last forty or fifty 
years, to question the greater durability of iron ships, and tho* 
only precaution needed is to prevent corrosion of the plating. 
Experience also has proved oonolusively that iron ships may bo 
made safer, aa well as stronger, lighter, and more durable than 
wood ships, when they ore built with proper water-tight sub¬ 
divisions ; and the cases wliich seem at first sight to go the other 
way, are really nothing more than examples of a faulty nse of the 
materiiJ. Irra ships may, of course, bo badly built as woU as 
wood ships; but our print is, that when the capabilities of the 
two materials are each dovrioped to tho fullest extent, then iron 

in all tho above porticnlan superior to wood. 

Doubts are frequently expressed as to the plating of iron 
ships proving sufficient^ strong when they take the ground, 
eaparislly on rooky bottoms, and tiio advocates of wood hare 


stronfdy urged the soperior capabilities of that material for 
bearing snoh rough nsage. Tba fact cannot be disputed tiiat 
under these exeeptiontJ oixoamstanoes the thinness of the 
bottom plating does tril sgamst the iron shq), an^that in many 
oases tho bottoms of iron ships have been penetrated where the 
thiok planking of a wood ship would not have been broken 
through, although it must have been damaged. Bat while 
admitting this, we would call attention to the fact that these 
droamstanooB are fortunately most exoeptional, ships being 
primarily intended to keep afloat or to take the ground fidriy, ae 
any iron ship can do without danger; besides which it must be 
remembered that arrangements can be, and are, made in many 
vessels, by which the penetration of the outer plating does not 
admit water into tiie interior. The Or^t Eastern, tot example, 
having a “ double bottom ” as it is termed, with two eldna of 
iron placed two or three feet apart, kept afloat and proceeded 
on her voyage to New York, when a oonaiderable portion of her 
outer plating had been tom away by striking on rooks off the 
American coast. It is true that in ordinary iron ships double 
bottoms ore not fitted, bnildem and owners preferring to run 
the risk rather than to incur the expense; but even in these ships 
there are often transverse water-tight bnUchoads in the hold, by 
moans of which the spread of water entering the interior, in 
ease of penetration, would be to some extent limited. And 
finally on this matter, it should not be forgotten that oven when 
ashore and penetrated by rooks, iron ships have again and again 
proved themselves capable of enduring storms that would have 
beaten any wooden sbip.to pieces, and ultimately have been got 
off, repaired, and again made use of. The Great Britain 
furnishes a well-known example. She wont ashore in Dundrum 
Bay, and lay on that wild coast for a wliolo winter; but 
having been got off and ropairod, at a not extravagant cost, was 
again put into service, and is now running constantly between 
Liverpool and Australia. In face of ovidenoo such os this, it is 
obvionsly improper to attach much importance to the argnmont 
against iron ships, based npon tho comparatively easy penetra¬ 
bility of their bottoms. 

The thinness of tho bottom plating does, however, nooossitate 
caro on tho port of the builder in order to prevent what are 
j toohnioally termed “buckling” and “panting”— i.e., oltera- 
I tious of form dne to the flexibility of unsupported ports. Ordi- 
I nary prooantions suffice to prevent any evil of this kind, and in 
a vessel with tho frames, etc., well arranged, it need not be 
apprehended. It is, of oourso, most to bo guarded against in 
vessels having very thin plating—for example, when stool is 
used instead of iron in order to save weight—bnt in no case 
need it bo a matter of primary importanoe, or cause of groat 
difficulty in oonstruotion. It is a matter of common observation 
that a thin flexible plate of iron, incapable of bearing its own 
weight without bending between the pointe where it is supported, 
can bo made capable of bearing heavy loads by soouring to it 
another thin plate having its depth at right angles to tliat of 
tho first plate; in fact, the combination of the two forms a 
strong T-shaped girder. And on this principle, the plating of 
an iron or steel ship, although very flexible when unsupported, 
can be readily stiffened by a very small expenditure of material. 
It would be hard, if not impoasible, to find a parallel case in the 
oonstruotion of a wood ship. 

Up to tho present time tho oapabiUties of iron are for from 
being developed fully in ship construction, and in the majoriiT' 
of iron ships methods are still retained in use which were first 
copied from wood ahips, notwithstanding that numerous examples 
of better methods may be found. To namo one extunplo only, 
tho frames of iron ships wiU suffloiently illustrate this stat^ 
ment. I^e those of wood ships, the frames of ordinary iron 
vessels were placed transversely at first, ond the practice still 
oontiunos. With wood, tiie arrangement was probably the best 
possible; but with iron, and especially with a skin formed ri 
plates efficiently oonnoeted together, the case is widely different; 
and Mr. Scott Buseell, in the Great Eastern and ether vessols, 
initiated a great improvement by placing the main frames 
longitudinally instead of transversely, so that they could aarisfe 
the skin and decks in bearing longitudinal bending straina. It 
cannot bo denied that habit, formed by years of practice, tenders 
it easier to build on the old plan; nor is it meant that the old 
plan does not answer fairly; but rather that there still reaiaiiia 
considerable possible improvement to iron ahips, while it is 
diffieult to aee in what partieulars oonsidetable improvements 
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om tie maJia Tipbn tbe exiatiiig meihods of oonatniotiiig wood 
^pt. Uotaover, In tlie tnune^te fntnie it nu^ be antiaipated 
^lat.tike turn of etoel for abip-bnilding will become oommon, and 
then'atOl greater adrantagee than can be gained with iron may 
be looked for,'Beeing that the etronger material will be need in 
thinner platm and bare, and will oonaeqnently have to bo 
combined aooording'*to what are now oonaidered the beet 
methoda of iron aMp-bniMing, if not aooording to still more 
improred methoda. Thus far the manufaotare of ateol does not 
^pear to have reached that stage which enables the material 
ptodnoed to be regarded as in all oases thoroughly trustworthy; 
bnt this is not likely to remain so long after the demand for 
steel ships becomes great. Without sacrificing any of the 
advantages of iron, the ships built of steel will be very much 
lighter without being weaker, and the gap between them and 
wood ships will bo st^ more remarkable than that between iron 
and wood ships. 

The only drawback to the use of iron or steel—foulness of 
the bottoms of ships—will, we trust, bo removed by means of 
some discovery ere long. It is a serious matter, no doubt; the 
source of mu<^ inconvenience and expense; but in spite of it 
iron continues to make way, and to displace wood, both in this 
country and abroad. Whenever vessels of extreme dimensions 
are required, or wherever unusual strength is needed, 
then or there does the ship-builder now turn to iron, 
and before long will tum'to stool. Larger and longer 
ships have alrmdy been built than was thought pos¬ 
sible a few years ago, and their use is found beneficial 
in every way : the men who would attempt to predict 
what dimensions may ultimately bo reached would 
indeed bo bold. The Great tJaitem as yet stands 
quite alone, far exceeding in size any other ship; 
and in her con- 
struotion is found 
enffieiont evidence 
of the foot that in 
ordinary ships the 
capabilities of the 
material are far 
from being ex¬ 
hausted. Com¬ 
mercial considera¬ 
tions, not the ne¬ 
cessities of struc¬ 
tural strength, 
will in future fix 
the dimensions of 
the ships bnUt; 
but if wood had 
continued to bo 
the solo material in use, such a freedom of choice would not 
have been possible. 

BHIF-SBAWINOS AKD 8PXC1F10ATIOHB. 

The design of the naval arohiteet, when it posses into tho 
hands of tho ship-builder, is embodied in a speeifioation and 
certain drawingrs. From the Bpeoifi..atioii can be obtained 
particulars of the principal structural a rongements, including 
■ the details of the sizes, or soautlings, of the various parts; 
from the drawings may be gathered a complete knowledge of 
the form and dimensions of tho vessel to be built, as well as of 
the arrangements of decks, platforms, etc., sad the general 
requirements for stowEige and aooommodation. Even when 
thus supplied the builder has much left in his hands, and needs 
to exercise care in order to secure good combinations of the 
various parts. 

This part of the work of private ship-builders is xuactiaaUy 
regulated by rules laid down by such bodies as Lloyd's Committee, 
and the Committee of Idverpool Underwriters, by whom registers 
of shipping are published, in which vessels are classed according 
to their character and condition, these being ascertained by 
eurveyors acting under tho direoMon of the committees. Lloyd’s 
Committee is the older and better known of the two; and the 
phrase *'A1 at Lloyd’s” has almoBt passed into a proverb. 
Underwriters are oonsiderably guided ta fixing their ratm of 
insqra;^ upon ships by their olaasifleatian in those registere, 
and ooUBequentiy ship-owners find it to their interest to have 
vessds bsilt ^ aooordanoe widk the mlee of the committees, in 


order to ensure them a high olasBifloation. It would be beside 
our pnrpoae to disouss these 'mles here; it must enffioe to etate 
that th^ really furnish dotailed speoifioations, ready made as it 
were, for various sizes and olasses of ships; wood, iron, and 
composite ships being all provided for by Lloyd’s Buies. The 
bensfioial effect of those rules upon the praotioe of private ship- 
boilders oannot be doubted, although some of their etipnlationB 
have caused ooneidorable discussion, and have from time to time 
boon modified. They represent, in fact, a great mass of infor¬ 
mation gained by experionco, as well as no small amount of 
mech a niosl skill, and a fair appreciation of the acienoe of ship- 
oonetmotion. With the rules before him, tho builder is almoet 
inexoueable who commits any serious mistake, and be is relieved 
from almost all consideration of what Boantlinge will be required 
in his ship. 

In tho Boyal Navy the case is different, because the ships am 
not built to be olassed, and becanso they, are, as a mle, larger 
than merchant vessels, besides being designed for an entirely 
different service. As a consequence there ore to be found many 
differouoes between tho methods of construction adopted in the 
Boyal and privato dockyards, both os regards wdod and iron 
ships, but ospooially the latter. It is neoessaiy, therefore, to 
have a more or loss detailed spooifloation for each war-ship 
built, or rather for each class; and in framing such 
specifications regard is, of coarse, bad to past expe¬ 
rience OB well as to present requirements. Although 
private builders do not conform to tho practioo of 
tho Government servioe, they are by no moans slow 
to admit tho general superiority, iu a structural 
sense, of the ships of tho navy; but, on the other 
baud, they justly lay stress on the commercial aspect 
of the question, and prefer the cheaper vessel that 

answers their pur¬ 
pose fairly, to tho 
better-built but 
more expensive 
vessel that they 
might produce, if 
struotural con¬ 
siderations only 
had weight. This 
argument may, 
however, be 
pushed too for, 
and lead to false 
economy. 

Tho drawings 
supplied to the 
builder claim but 
a brief notice. The 
principal one of tho sot is uanally termed the “ ooustruotion 
drawing ” or “ sheer draught;” and besides it there are a 
“midship section,” “profile of inboard works,” “deck plans,” 
and “ plan of hold. ” Tho sheer draught and midship section 
would be used at the outset by the buUder, and the other 
drawings would oome into nso at further stages of the work. 
Wo will glance at them in the order named above. 

Tho construction drawing usually consistB of ikree plans, 
showing projeotSpns of various sections of tho surface of tho 
ship, and her decks, etc., upon three planes mutually at righit 
angles—corrospoeding, we may say, to the “ front ” and “ sido 
elevations,” and the “ ground plan” of a house-drawing. These 
three plans are named respectively tho “sheer,” “ half-breadth,” 
and “body” plans, and are usually arrangred as iu Figs. 11, 
12,18. If we imagine a ship to be cut down tbe middle by a 
fbngitndinol plane, and the various seotions of her surface, oto., 
to be projected upon it, we shall obtain a oorroot idea of tho 
sheer plan, which gives consequently a profile view of the ship, 
Bhowu^ her upper and lower boundaries, the atom and stem, 
the positioiLS of the decks, eto From tho sheer plan, therefore, 
the position of any point in the ship’s surfooe can be deter¬ 
mined so far as length and height are ooncomed, os will be rgadily 
soon by referring to the outline sketch in Fig. 11. 

The half-breadth plan oontains tho projootions, upon a hori¬ 
zontal plane, of ike various linos shown in the sheer plan: 
showing, for instance, tbe boundaries of deoke, and tho forms of 
the “ water-lines”—i.e., sections of the ship’s surface—by hori¬ 
zontal planes. From this plan tho x'osition of a point oan 
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tiutatorc b« Sued, ao &r m Ungth and breadth ate oonooined. 
Oi4r voadultt of ilM aiiip is diowa in tiiii ^en (aee Fig. 12), u 
tite two sides axe, of oonraa, exaoiljr alike. * 

Hike body is the Bapplement of the other taro; its plane 
is at right; angles to both ^ &am, and from it measnrementa 
in height and breadth ean be detemined. It nsnally oonsista 
flf two parts, having a oonunon middle line (as shown in Fig. 
18 ), aahil^ang respeotively the forms of traasTerse varMeal 
seotionB of the ibip at “stations’’ before and abaft the midship 
seetion. 

The part of the .ship before the midship section is termed the 
“fore-body," and ttansverse seotiona belonging to it are drawn 
in the bo^ plan to the right of the middle line. The remaining 
part, or “ after body," has the sectiona bdonging to it drawn to 
the Uft of the midd^ line in the body plan. These aeotions, it 
shonld be stated, are situated at the places where the transTerao 
frames are plae^ in the ship, and the “atationa” cd these 
frames are represented by straight Hues in the sheer and half- 
breadih plans. 

The bed^and sheer plans are, it will bo noticed, placed on the 
same bas6Ae-~an arrangement that is of assistanoe in trans¬ 
ferring heighta txom one to the other. The stations 1, 2, 3 in 
all thzw plana correspond, and the ttansrorse forma of the ship 
at them axe shown in the body plan. The linos marked A, b, 
mad 0 are what have been termed “water-linos," the true forms 
of which are shown in the half-breadth plan. In an octaal oon- 
stnotion draught these water-lines would, of conrso, be more 
numerous than in our sketch, and the sections in tho body 
would also be more nnmorous, representing, in fact, stations 
only 6 or 8 feet apart. Oar object being simply to illustrate 


the groat features of tho drawing, we have shown only a few 
examples of each. Station 4 in hTgs. 11,12 is what would be 
torm^ the midship section, and it appears in both halves of tho 
body plan. If the vesaol has more decks than one, they are 
shown in the sheer plan, but not usually in either of tho other 
plans. On the sheer plan it is also customary to indicate tho 
positions of the masts, openings in tho sides of the ship, bulk¬ 
heads in the hold, eto.; oonstitnting it, as we said, an outline 
profile view of tho ship, but omitting details that are shown on 
the “ profile of inboard works ” drawing. 

, By making nae of all three plans it is possible to determine 
the true form of any section of the ship; but to do this requires 
n good knowledge of geometry, tho twisted and curved surfaces 
of ships being much more difficult to deal with than the plane 
surfaces famishing th» ordinary problems of civil architecture 
and building oonstmotion. Moreover, it is obvious that for the 
ship-builder’s purposes it is far more important to be able to 
detamine the'forms of seetions of tho ^p when stripped of 
her skin, tiisa when clothed with it; for he has first of all to 
bshion and fix theficames, and then to work the skin upon them. 
Oonsequently, the oonstmotion draught used by the builder is 
made to represent the ship’s form at tho inner snifaoe of her 
skin i and althongh the difference between this and that at the 
outer enrfaoe is not great in an iron ship, it is oonsidoxablo in 
the thioker-akinned wood or oamposito ^p. 

The drawings supplied by the designer of the ship are on a 
small Boalo, usually ^ of the full sise (or ^-inoh to a foot). For 
the shipbuffdor’s use some parts of them require 6> be enlarged 
so the full sise, and this is done generally on the “ mould-loft 
^toor, ” the smooth piano auxfaee of whioh is prepared for the 
j^hoiloBe. The objert of this process—“laying down,’’ as it is 
SQSsetimss oalled — ^is obvion^-^vis., to provide the means of 
nw J rtng ps^tems or “ moulds *’ of the &imeB and other parts of 
thh stewture. It would naturally be expected, too, that in the 
J gO OS Sf of eidargement disorepanoies between tho three plans 
WMdd.bseome apparent whioh could not be detected in thb 
SumH i SOa l e dxawii^, and to eliminate these is a very simple 
mattsiv thS techni^ name for whioh is “fairing the body.’’ 
When sU ffiuee phus are found te agree, the body is said to be 
“foired," and the process of “laying^off" bos to be begun; in 
laot, this term is often used as including also what we have 
termjid “ laying-down.’’ When faired, the sections in the body- 
^an aotuolly represent the curves to which the frames, if 
transverse, most be fashioned, and at once tho work of mould- 
making eon be begnn, or other means adopted for the same 
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of Jsyinff-oif * (kip, partionlsrly if she be wood 
nssants oesasUexaUe dMealty, azffi is nadertidEen 


by a special class—tho drangbtsmoa, wbp are nsnal^ praelieal 
man i supeiicr ability, and bare vary responsibln to 

perform. The preparation of tho moul^ for the varioas parts 
of a ship is in itsdf no li(dittaak; and in addition the draaidits- 
man has to prepare diapoeitiona and arrangements, nnder tiie 
direotion of the shipbuilder, the mere enumeration of wUeh 
would be tedious. It is impossible for us to give even an out¬ 
line of the work done in &e mould-loft; for laying-off is a 
snbjeot requiring sepamte tireatment, inoluduig aa it does all 
the “ praetiosl geometry ’’ of ahip-building. We must thmefore 
pass OB, with the remark that its study cannot fail to benefit, 
both as a geometrical cxeroiec, and aa on illustration of the 
prinoipleB that govern the conversion of the materials used in 
ship-building. 

little need be said respecting the other drawings need by the 
ehip-bnilder. The “ midship section" gives a view of ihe framing 
of the vcasol amidships, and this has a great influenoe on the 
framing throughout the length. This drawing is, in foot, 
almost inseparable from tho oonstmotion draught, and oomes 
into use aa soon as tho work on tho mould-loft floor is begun. 
Tho usual praotioe is to lay down tho midship section curve cm 
the floor from it, before the body is faired; but it is more 
frequently required afterwards. 

'i^e deck plans, plan of bold, and profile of inboard works ore 
needed to guide the ship-builder in spacing tho beams and 
bulkheads, providing the nocossary hatchways, fitting special 
strengthenings whore required, and ia many other ways while 
tho work of building ia progressing; but they are most in 
requisition when the “ fittings ’’ of tho vessel are being pre¬ 
ceded with. Nono of these drawings, it should be remarked, 
are transferred to the mould-loft floor, or enlarged; they ore 
sufficiently aconrato on the small scale for all prootioal pnijmsea, 
and measurements are token direct from them. In bidding 
steam-ships it is also common to have drawings of tiie engines 
and boilers, showing details of tho maehinory, eto,, and of the 
positions of the “ bearers ’’ that have to hear and ditoibnte the 
weight. - 

While carrying out his work, the builder has need of many 
other drawings, showing dotaUa of separate parts of the 
straoture, and prepares ^ose for himself. For example, it is 
naual to prepare a detailed drawing of the framing of wood 
ships, to guide the men engaged in trimming the timbers; also 
to have what is termed an “expansion" drawing, showing the 
lengrths and breadths of the pli^s or plates forming the skin, 
and to have similar sketches for the deck planking, besides 
many minor drawings. These servo a double purpose, enabling 
the bnilder to seonre good oombinations, and also enabling him 
to preoure the nooessaTy materials—for instance, from the 
moidd-loft floor and the expansion drawings he eon order all the 
plates for the bottom of on iron ship very nearly to their correct 
shapes and sizes, avoiding nnnooosaary waste and expense; 
or in case of a wood ship, he can foresee at an early stage 
of the work what timber will be required for oonvorsion into 
bottom planking. This principle applies all through the work, 
the sati^aotory progress of whioh depends very greatly njwn 
the foresight of the bnildor in providing the necessary materials 
in good time. 

It may be interestin ; to remark, in passing, the great differ¬ 
ences existing between the praotioe of the wood and the iron 
ship-builder in providing their materials. The former has to 
prooure muoh of his timber in the rough, and to expend eon- 
siderable sums on its conversion to the forms snd dimenBions 
he requires; whereas tho iron ean ho procured direct from the 
manufacture, of nearly suoh forma and sizes as the ship-builder 
requires—no mean advantage. Many builders supplement the 
drawings by a model, on a small scale, of the ship to be built, 
and on the surface of the model draw l^es showing the stations 
of the frames, the disposition ef the outsidB plating or planking, 
the arrangements of the longitudinal pieoes adjacent te tbo 
skin, etc. The praotioe is a very good one, and in many onaes 
where it is followed expansion dnwings ere^^ot ma^. In 
fact, such drawings are never more tlum approximately ooneot, 
exactitude being made impossible by the fact that the soxftwe 
of a ship oannot be spt^ out. on a plane snrfaoe—or “ de¬ 
veloped ’’—without cutting it into pieces; and on ikia aooonnt 
it is by no means unusual to use the model inete^, ea tiiat 
gives a true idea of the form of the vsxious piecee of the ddn. 
InettharoaseitianViaeprBeaiifekm not to depend setoly qpon 
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aMMUamsfai obt^iaad fsom tha niuillfaaalfl xaprewB^tion of 
the 4ldp,1mt latiier to measaie from the fidtl-«iM aeotionB on the 
mpnU-loft floor, wbrnierer that can be done, aa it may bo in the 
owe of the finum and beams as well w that of the akin. 


OPTICAL INSTETJMENTS.—XV, 

BY BAUtTBL HIOBLXT, V.a.a., BTC. 

ABTIElCIiX SOUBCBS OIF LIGHT (ctmlintud). 

Hydrogen Cfenerating Apparaius .—In the nanal way, where 
bonae gaa is attainable, it is employed to save the trouble of 
makintr hydrogen, but nndoubte^y the latter (H) produces a 
briirhtet and also a more economical light than carburottod 
hydrogen (0,H) when these are forced upon a lime-ball in com¬ 
bination with oxygen, as the combining volume of H with O 
is as 2 to 1, while that of CjH with O is as 2 to 2, or equal 
Tolnmee; consequently, when house gas is used more oxygon is 
consumed in a given time. In localities where there is a good 
pressure from the main, a very docent light may bo obtained by 
oonneoting the jet directly with a tap soldered into the pipes 
that supply a house; but where the pressure is only moderate 
(as in some oountry towns), or the best Ught attainable is 
desired, then the house gas must be “run off ” into a gas-bag. 



Fig. 60. 


gasometer, or other receptacle that will allow of the gas being 
delivered at any required pressure. 

Hydrogen is made by acting upon zinc with water acidulated 
with sulphuric acid, in which operation sulphate of zinc is 
formed and hydrogen is set free. The process may be con¬ 
ducted in a gluB ‘Woulfe's bottle, or preferably, in a generator, 
as shown in section in Fig. 50. This consists of a round roser- 
Toir, o, mado of stout sheet lead, wherein all the seams ore 
oarefnlly welded. The tap is fitted with a wide gun-metal plug 
and washer, r, to allow of granulated zino, or, better still, clean 
zino cuttings, z, being introduced and then closed up. This 
vessel is then filled about two-thirds full with a mixture of one 
part of sulphniio acid to aovoa parts of water, and on the action 
subsiding, more acid can bo added through the funnel, r. The 
hydrogen as generated passes over by a leaden oonncoting-tnbo, 
O, to tiie dip-tube of a leaden wash-bottlo, w, and after being 
purified by passing through the water, is carried off to the gas¬ 
bag or other receptacle by an iudiarmbber tube, t. We may 
dispense with a separate receptacle for the hydrogen gas, and 
deliver It direct from a leaden self-acting genomtor, constructexf 
on the principle of Doebereiner’s lamp., This generator is 
divided into two compartments connected by a tu^, os shown 
in. sectaon in Fig. 61. The lower part is filled with snlphuiio 
aoid and water till it runs out at the stop-ooclc; this tap is then 
dosed, and the add mixture acting upon a cylinder of zinc, z, 
that is snpported on the outside of the oonnooting-tnbe, causes 
hydrogen to be genoiatod; but the gas having no vent tom the 
lower obaaber, f oroes the liquid up ^o tube into the upper oom- 
psxtment. As soon as ihe acidulated water is driven bilow the 
sino, the, prodnotion of gas, of course, oeoses. On the tap being 
tamed, the gu is driven ont with considerable I'oroe, throogh 
too ptasswe of tha Uqdd descending frtan the upper ohambet— 


whioh onoomiogin oontnet with the zino again oausea l^drogen 
to be given off—so tiiat a oontinnons snpply of gas is main¬ 
tained OB fast as it can be oonsnmed by tho jd, and with the 
necessary amonnt of pressure. As the gas should be washed 
before teaching the jet, it is 
better to pass it through my 
“interoeptor” (to bo after¬ 
wards described), as this 
not only serves as a wash- 
bottle, but also acts os a 
safety arrangement, should 
the hydrogen by any acci¬ 
dent become oontaminatod 
with air, whioh, it must be 
remembered, then becomes 
an explosive mixtnre. What¬ 
ever form of hydrogen-gene¬ 
rating apparatus is em¬ 
ployed, a certain portion of 
gaa should be ;^owod to 
pass away before a light is 
applied to the jet, or any 
pari of tho deUveiy-tubes, 
in order to provide against 
the accidental contamina¬ 
tion whioh I have already 
referred to. 

As the generator above 
described must be mado in 
lead, it is, though a very 
convenient, a costly arrange¬ 
ment. One similar in principle may be cheaply mado out of two 
largo piohlo-bottlea, fitted with good bungs, and glass tubes 
arranged wash-bottle fashion, with connccting-tubea of india- 
rubber, aa shown in Fig. 52. Ihe zinc scraps, z, are placed in the 
lower bottle, a, tho sulphuric aoid and water in the upper bottle, 
B, which is supported on a shelf in the box that contoinB the ap¬ 
paratus, and at such a height as will give the required amouit of 
prossuTO. To oommence operations, the acidulated water is driven 
into the lower vessel by blowing down the month-piece, H, till 
the liquid roaches tho bung that closes o, for the purpose of 
driving ont all atmospheric air; the tube, c, that connects the 
generator with the “interceptor” washing-bottle, is then dosed 
with a stop-cook or chemical “ pinch-cook.” As in tho former 
arrangement, when tho gas begins to bo generated, the liquid is 
driven up tho tube, i>, whioh provides, by its syphon action and 
length of tube, tho re¬ 
quired pressure. On 
opening tho pinch or 
stop cock, the hydro¬ 
gen is washed by pass¬ 
ing through tho water 
of the intorcoptor, i, 
and is carried off to 
the jet by the de¬ 
livery-tube, D. Should 
an GxploB^o mixture 
bo found in the tubes, 
through inattention 
to equalisation of 
pressure, etc., in the 
oxygen part of tho 
apparatus, tho inter¬ 
ceptor would com¬ 
pletely isolate the 
generator, o, and the 
explosion would then 
be confined to tho 
gas contained in the 
tobes. 

Oos-boj*.—The re- '>2. 

ceptaoles ordinarily employed for storing oxygen and l^drogen 
gas for the lime-light apparatus are wedge-shaped bags mado of 
waterproof cloth. Tiro qualities of tUa material are used, 
“fihin” and “thiek:” tho former is mado with jeanst, and is 
suited for the ozy-oaleiam jets, when low pressure is used; 
the latter is made with twill, and is requisito when the mixed 
gaasa are mwd under high pressure, m; when the bags ara 
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UkiSjr to b« ki feequeot lue and extra strength of material Fig. S8. As anoh boards make a fmg airkmid package for 
is desixable. ,’Sb» thin bags axe oream-oolonred, while the travelling—^the smaUest-sised bag suitable for an ordhiaiy 
twin is nsnally blaok, butit may also be had of a light oolonr, lantern uhibition should hold six onbio feet of gaa, and measnra 
sad when both gases are need it is advisable to have one bag about 36 inohes in length by 24inches in breadth, iuid24inQlu8 
Mack and the other white, and to keep eaoh of them for the in the deep part of the wedge—ananged the presanre-boards 
aams gas, independently of marking ea^ bog H and O. It to fold up by means of hin^, and when opened for use to be 
is a good plan to hare tile taps of the lime-light jets differently clomped in solid shape by hinged fillets and sorew-nuts, aa 
laoqnend ; time the oxygen tap of the oxy-oaloium jet should be shown in, Figs. 54 and 55. The weights usually employed are, 
tsd^t tooqnered, as it will ooirespond with the light colour of half a hundr^ weight on the bag use^for the oxy-oaloium light, 
tiw tkiw oxygen bag. In the mixed gas jets the bright tap and two half-hundred weights on each of the bags required for the 
dmuld again correspond with the light-coloured though stout- o_xy-hydrogon light. To save space, the pair ^ bags are some- 
made used for the oxygen gas, but the other taps should bo times laid over eaoh other, head to ti^ fashion, between pressure- 
da^ bronzed to oorrespond with the black bog kept constantly boards made Z shape. Mr. Malden has introduced a better 
for the hydrogen gas. By thus methodising tho arrangements, arrangement, as ho not only saves space, but enables the operator 
there is less ohanoe of tho gases being accidentally mix^ in the to dispense with half the weights required with the old system, aa 
bags, as would arise if they were indiscriminately used, first for only two half-hundred weights are necessary to produce the same 
one gas and then for the other. The stop-cooks fitted to the bags amount of pressuie. The bags ore placed as shown in Fig. 56, 



should have a large boro to give free passage to thf gas. Tho which also secures a greater quantity of pressure. The direotioa 
taps ore best made of lover-form, and so fitted in the plug that of slope also carries away from tho stop-cooks any water that 
whan closed tho lever stands lengthways with, and not at right may accidentally have been blown into tho bogs. To prevent 
angles to, tte stop-cook, so that not only may one know by tho the bags slipping out from between tho boards, a pieoe of'sail- 
fSel, when in the dork, whether tho plug is ftifi on or off, but it cloth is fastened so as to lay between the bags, which by its 
also enables us bettor to secure the gas when travelling by frictional action holds them in place with a fira grip. It will 
bjadiag a string round tho lever-arm and the stop-cook. Tho bo seen that a rook is provided for the adjustment of the bogs 
aossk of the cook should be slightly conical, ribbed, and suf- at a suitable angle. 

fltfieni^'long to secure a good fitting for the india-rubber tubes ^ Weights ore a great drawback to the gas-bag Birangements, 
that aiWBprang on it. Before a bag is filled, it should be laid for 1 owt., much more 2 owt., form serious impedimenta in a 
flat on tme floor or table, folded smooth, the stop-cook opened, travellingleoturor’s outfit; and though weights can generalbr be 
rolled up tight^,.so aa to drive out ^ air, and tnen the tap borrowed in every town, still it does not place the operator in 
i&onld bfi otcMidde It niBry then be connected by tubii^ with tho that poeilion of indopondenoe from extraneoiiH aid whitdi hi 
generating apparatus, and when the gas is coming over properly, always desirable. This objection, , of cdurse, not obtain 
the oook may be opened and the bag filled, till it is as tight as a when tho apparatus is employed at a fixed residence. Various 
drum, when the oock must be olOBed, and tho tube disconnected suggestions have been made for replacing the solid iron weights 
from the wash-bottia. with other eontrivances, such as bogs that can be filled with 

Fnttwre-boarde. —When the gas-bags are required for use sand, earth, etc., but these form bully substitutes In the leoture- 
m$y axe placed between two boards hinged together, out of room. A more {oaotiosl arrangement would to a 
which a semi-oironlar hole Is out to ^ow of the stop-cook pro- of stout india-rubber springs fixed to Ito boards, and a rooked 
jeeting. On the upper board a ledge is fixed, on which tho neoos- windlass to t^e up the slack ae the bags nnllapiiHi but it w o u ld 
way tmigfatB rest. This method of arrangement is shown in require frequent attention to keep the pzoasnte tolewbty oquaL 
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PHOTOGEAPHY.—IL 

Bt J, C. IiUxx. 

^iVABAXITa VOB PBODtlCnOK OF NBO&TIVX FXCTUBXS—THE 
C A H am—^BATH FOB BENBITIBIHa FXJkXBS—CHBKiaAlB— 
COU;rf>I>IOX — Nn'B4TE of BHiYSB—.BX-DBYSI iOFBB — 
FOTBOI) OF FIXIHO CTB IKAOX—^TABHIBB. 

Hayiho in onr flnt chapter deBoxibed the preparation of the 
photographic laboratory, or dark room, wo now proceed to 
the deacription of the apparatoa neceBsaty for the production 
of negatire piotorea. By far the most important piece of 
apparatoB for this pnri)oflo is tiie camera, of which we gave a 
Inief description in onr firet outline of the coUodion process. 
CametaB are mode of every size and qnaliiy, and of variouB 
materialB—those which ore intended for studio work, where 
weight is no importance, being mostly constructed of wood; 
while those for field work and 'b^Yolling are genorolly so made 
as to be light and portable, haring bodies of a flexible material, 
impervioua to light, supported by wooden framework. Although 
these latter are rery oonYenient in travelling, for teal hard 
work and oertainiy of aotidn the old rigid wooden sliding-box 
cameras are much to be preferred, as the loose parts and intricate 
arrangements are very Uablo to get out of order, and so hinder 
or sp^ the work. We should, therefore, advise the use of a 
camera of the required size constructed of maliogany, and if very 
much work is to be exeouted, a few shiUings extra will be well I 
expended in having every port of it damped 
with brass. With rospoot to size very little can 
here be said, as of course this will depend upon 
the scale upon which iho pictures are to bo oio- 1 
cutod. It is well, however, for the tyro to Pig. 3. 
commence operationsupon moderate-sizedplatos, 
say about S by G Inches, a size which, whilo it will 
prevent him from getting into a weak style of 
work, will, at the same time, be easily manage¬ 
able. When a camera is purohased, it should 
be carefully examined in a strong light, in order 
toascertain that there am no hoi nstli rough which i 

light may bo admitted to the interior. This Fig. 2. i 

precaution will often aave many faUnres. The m 

nnt requisite is a lens, the selection of which Bj 

win depend upon what kind of work is to be B/ 

exeonted. Lenses for photographio purposes Bf 

may bo roughly divided into two classes— B/ 

namely, single and combined; the former of 
these being generally used for landscape, and 
the latter for portrait work, or subjects re- 
qniring great rapidity of exposure. Por ordinary landsoapo 
work, the single 1^ will in most cases be found suflf- 
dettt; but for arobitectural purposes, and those in which 
great aconracy of delineation is required, the various oom- 
binations must bo seleotod according to the requirements 
of the work. For portraiture, a double combination must be 
employed, which wiU combine a large aperture with good 
definition and great rapidity of action. It is perfectly useless 
to attempt to nse one lens for many kinds of work. It is true 
that a lens will often answer for two or more imrposos, but it 
is far better to employ each for the purpose for which it has 
been specially constmoted. At the outset wo should advise 
the purchase of two lenses—one double combination, for por¬ 
trait and rapid work; and one really good single landscape lens, 
for copying and ordinary out-door work. Of course, we cannot 
here recommend any particular maker; but we may caution the 
pnrehaaer against buying lensoa of any but the very first quality. 
It is true ihat a good lens is expensive, but it is also most true 
^at a really go^ one is absolutely necessary, and that one of 
inferior qualify iriU in the end cost more than the best. The 
best plan for tiie amateur will be to consult some respectable 
<q;>tidan as to bis requirementa, and bo guided by hia decuuon. 

For the support of the camera, a anitablc stand will be 
required, and, as in the oaae of tlm camera, the atanda are 
of different oonstmotion, according to the pnrposea to 
which titqy are applied; those for nse in the fic.'d being light 
and portable, while those fpr the etndio are heavier, and, of 
course, more ateady sad convenient for use. It is of the ntmost 
importance that the oameza ehonld remain perfectly and 
abadlntely atiU during the ezposnia of the plate, the aUg^taat 
Tibmtiaoiitraiiably deatroyingthepiotiiFe: hence the aelaotioa 


of a strong and rigid stand is imperative. Vnfortnnately, a 
passion for lightness and portabilify has lad the makers of 
photographio apparatus to constmot stands of so slight a kind 
that &ey vibrato easily in a strong wind, or npon the slightest 
touch; and it thniafore becomes the operator to eeieot such a 
one as will resist those infloenoes, even at tiie expense of a 
little extra weight and loss of portabilify. Th» oamera should 
always bo secured to the stand by means of a screw, as well to 
prevent acoidenta by falling as to check any vibration. next 
piece of apparatus requisite is a hdldor or vice, to support the 
gloss plate in process of oleoning. In the ordWiy form, this 
consists of two slips of wood, having a groove or rabbet npon 
their upper edges of anffioiont depth to allow of the insertion 
of the glass. Through these slips are inserted two rods of 
brass or wood, which servo to keep them parallel to each other. 
In the centre, between these rods, is inserted a screw, by means 
of which ttio plate is secured in the rabbets during the process 
of cleaning. For the pnrpose of cleaning the glasses, which, 
as we have before remarked, is a matter of tho utmost im¬ 
portance, a supply of ootton-wool and several' cloths and 
loathera will be required. Those must aU be cleansed before 
use, by washing them in a cold solution of common washing 
soda, and afterwards in several changes of cold water, soap and 
grease being most carefully avoided. Tho cloths and washed 
leathers should be most carefully kept, in a box free from dust, 
and, above all, from grease, and they should not be nsed until 
after the hands have been well cleaned and 
dried. A broad brush of aamel’s hair should 
be provided, for the purpose of removing any 
'■!- partiolos of dnst which may adhere to the glass 
immediately before it is coated with collodion. 
This brush must be as carefully oloauod oud 
kept as the leather and cloths. After clean- 
BB ing the plate, it should be placed in a properly 

BfJJB made box, with grooves for holding the glass 

y V in position, the cleaned sides all b^g placed 

BJ 1^ in one direction. , 

Wf jB PoF tho sezuntising of the plate, a gloss or 

ij JB porcelain trough will be requii^, of a size pro- 

/ JB^ portioimto to that of the plates to be em- 

' ployed. Upon the whole, glass vessels arc 

JB \ to be prefer]^ for thia pnrpose, in oonsequonco 

JB \ of. their superior oloa^iness in nse, as well 
IB Y as from the foot of their trausporanoy allow-. 

™g of frequent examinations of tho solution 
which they contain, in order that it may 
bo kept xmrfectly clean and free from floating 
partiolos of dust or collodion, which would adhere to the 
sensitive surface, and cause spots in the finished picture. 
When a glass bath is used, a wooden casing will be supplied 
with it, with a loosely-fitting cover, which should idways bo 
kept over it when not in use. The form of bath most fro-. 
quently employed is shown in section in Fig. 2. In this bath 
must 1^ a dipper for the purpose of raising and lowering tb« 
plate during the sensitising process. Tho dipper simply con¬ 
sists of a slip of glass of sufficient length to teach from the 
bottom of |ho bath to about an inch above the top, in order 
to afford a good handlo by which the plate may bo easily 
manipnlated. TJpon this slip is cemented a second at a slight 
distance from' the bottom, as shown in Fig. 3, which forms a 
ledge npon which the plate may rest. The cover of the bath 
should be so high as to allow of the bath being covered whilo 
the dipper remains upright. A properly-made bottle for 
holding the ooUodion should also be provided. The best form 
witii wfaioh we are aoqnainted is that in which tiio stopper is 
‘enclosed in an outer cap of glass, accurately ground to fit the- 
outride of the neck of tho bottle, so as to prevent any escape 
of tho collodion solvents by evaporation. This is important, a*, 
if evaporation is allowed to go on, the collodion will speedily 
become so tliick as to run unequally over the plate, and cause 
status end cloudy markings. Several dovoloping-glasses will 
also be necessary. These are simply small vessels reeegibling 
tumblers, but Imving a lip on one ride to facilitate pouring. 
For tiie fixing of the image we riiould advise the use of a 
dipping-bath, aimilm* to the one already described for tho 
sensitising proeess; sa if the fixing solution be merely poured 
over the plate it is apt to act unequally, os well as to render tha 
ksada so impnre as to cause stains in sobsaquant operations- 


TOib in. 
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Some opeitttors recommend the nae of « plate>holder during: the 
derelopment, bat we are inoUned to adiiw the oarefal handling: 
of the plate by means of the fintrem alone. A spirit-lamp is 
always a nsefal aooessory in the laboratory) and will bo fonnd 
•aoeedingly usefal in drying and Tarnishing finished piotures. 
Hits will complete the list of apparatos absotntely nooessary 
for prodaoing a negatiro, and we may now proceed to desorilm 
the ohemioals roqaired, and method of using them. 

Haviim proTidod himself with the apparatus that has already 
1>een fully desoribed, the operator may now proceed to mix the 
requisite ohemioals. In this matter the greatest care must 
be taken, as to the quantity, cloanlinees, and purity of the 
weights and measures used and of the ohemicalB tliomselTes. 
Ho guessing at the quantities can be permitted, ae in some 
oases a few grains more or less will involve the certainty of 
failnro. The operator should therefore provide himself with 
a pair of scales with glass pans, and weights from 5 to 500 
grains. These, of course, can only be used for solids, and, 
consequently, several graduated measures of glass, varying from 
1 to 10 oonbee in oapooity, should also be provided. After 
every operation, all measures, as well as the soale-pans, should 
be thoroughly oleansed, in order that no traoemf the ohemioals 
employed may be oarried into solutions in which they are not 
required, mverything being thns in order, the operator may 
proceed to the mixing of the solntions. 

The first thing requiring attention is the collodion. We 
shall not here describe the mannfaotnre of this important oom- 
ponnd, inasmueh as it is not likely that the operator will mann- 
faoture it for himself; we will hereafter deseribe the method 
adopted, and give the requisite formula. The best course of 
proceeding will be that of purchasing, say, one pint of btumo- 
iodisod oollodion of a good maker, asking that the oollodion 
and the iodising solution be in separate bottles, in which 
condition they will keep an indefinite time. In order that the 
oollodion thus proour^ may bo rendered fit for nso, it will be 
neoesBsry to mix tho two solntions; the proportions vary with 
different kinds of oollodion, but that mostly adopted is 1 
part by measure of tho iodiser to S of the plain oollodion. 
The quantities will, however, bo plainly stated upon the bottles, 
and they must be i^otly ohsorvsd. Supposing, however, tliat 
the proportion of 1 to 3 is oorreot, proceed to iodise the 
Collo^on by pouring into a glass measure three ounces of the 
plain solution, measaring with the utmost aoouraoy. This, 
should then be poured into the collodion bottle before described. 
Kow measure one onnoe of the iodising solution in liko manner, 
and having added it to the collodion, replace the stoppers, and 
shake the mixture for two or three minutes. After rost^ a 
few hours it will bo ready for use; but it is better to allow an 
interval of twelve hoars to elapse before applying it to the plate, 
in order that it may become thoroughly settled. 

The next operation will be the preparation of tho nitrate of 
ailvet bath used for sensitising the plates. In this matter, as 
in the last, great care Is required as to oleonKness and puriiy 
of materials and measures, as the slightest impurity wiU 
inevitably prodnoe failure and disaster. Carefnlly wipe the 
aoale-pans before weighing out the nitrate of silver; and wash 
'the measures in clean water, adding a final rinse of ,that which 
llM bsoB distUlod. We should advise the operator to mix a 
.good quantity of solution at once, as small mixings are always 
wasteful. Take of pure re-orystallised nitrate of silver (tho 
CrdliuOT common nitrate of silver will be of no use in this 
part of the prooess) 1,400 grains, which should be placed 
in a dean bottio, rinsed as tho messares in distilled water, 
Sind add tc this 20 ounces of distilled water; shake until 
tha'orystala are dissolved. To SO ounces of distilled water, 
in a seoend bottle or measure, add 4 gimns of iodide of 
potassinm,'aad when dissolved mix the two solntions. A light 
cloudy precipitate will be formed of iodide of silver, which will 
opeodily be ra-disBolved upon the agitation of the whole. The 
solution should how be carefnlly filtered throng two or three 
-thioknesBes of pure filtering paper, when it iriQ be ready for 
use. Kote that all solntilons Of silver must be SMde in distilled 
water, in order to prevent the preoi^tation of ehlntides or car¬ 
bonates, by means of the sidts usneJly in solutton in orrery 
rilrsr or s{aing water. Also, that aU filter papers, end those 
whkh have been usedfor abstnUng wests tdlver solntion, sbonld 
be esieliiny^-I^eserred, i& ofder that the afiver oontsiu 
nsy he gww v ertd. 


The solution proper for the pnrpose of developing on |msge 
upon bromo-iodide of silver is one of the protosulphate of 
iron, which must be prepared in the following manner i—Tidee 
of pure protosnlphate of 'iron 100 grains, and dissolve it m 10 
ounces of water; distilled is preferable, but not essential. The 
solution of the salt will be readily eflsetsd if the crystals bo 
pulverised in a mortar. To this solution add half a flirid ounce 
of glaoial aoeiio acid, and the same qnanti^ of aQo<^olt the 
whole to be well shaken and filtered beftve use. In vary hot. 
weather, or where the anbjeot to be* photographed Is vmy 
intensely lighted, the quantity of aoetio said may be double 
that pven above. The reason for adding the aeid is that- Ae 
iron alone would act unequally without some restraining power 
which would moderate its aotion; but, of oonrse, if too much 
be used, Ae reduotion upon the plaA will be feeble. The alcohol 
is simply to oause Ae solution to ffow evenly over the whole 
surface of Ae plate : it has no chemical action whatever. 

The re-developer, or intensifying solution, oonsists of pyro> 
gallio aoid, in the proportion of 2 grains to Ae onnoe of 
water, to whioh is added 1 grain of oitrio aoid, for the same 
reason as the aoetio aoid is used in the first developer. The 
solution above given is simply for Ae purpose of adding to 
Ae intensity of the imkge obtained by Ae use of the first 
developer. It does not of itself develop any traoes of an imagS' 
after the appUoation of the iron solution to Ae plate, althongh, 
from the density whioh it imparts to details which have been 
previously weakly brought cut by Ae first solution, it froqnentty 
appears to do so. For nse wiA the pyrogallio aoid solntion, 
one shonld be made oontaining 10 grains of nitiato of bUv» 
to Ae onnoe, for which distilled water most of coarse be nssd. 
It will bo ^rdly neoeasary to filter eiAer of thh two last- 
named solutions if oaxo be oxeroised in their preparation. 

The fixing of Ae photographic image—which, as we have' 
before explained, consists in dissolving oat Ae unaltered iodide 
or bromide of ^ver-^may be eSeotod by means of a solntiaa 
eiAer of hyposulphite of soda or 03 ranide of imtassinm. If 
Ae first-named salt be need, a satnratod solution may be made 
by plaoing a quantity of Ae salt in a jng or basin, and pouring 
npon it boiling water. It shonld Aen be well stured, Skid wh«i 
cold Ae solntion poured off the crystals. The best meAod of 
nring Ais will be to provide a baA siinilar in oonstonotion to 
that ompttyed for the nitrate of silver, dipping Ae plate in Ae 
same manner. Tho greatest oare is necessary in order to 
prevent any trace of ttis salt being brought into oontoot wiA 
any of Ae ohemicals in nse, whioh it would inevitably tender 
useless, ftyonide of potassinm, alAongh very muA quicker in 
its action, and much more oloonly in nse, is at Ao same time 
so dangerous and deadly a poison that we hesitate to advise its 
employment. Should Ais be determined upon, however, Ae 
salt shonld be dissolved in Ae proportion of 10 grains to Ae 
ounce of water, and kept in a elosely-Btoppored bottle, most 
oonspicuously labelled, in order to prevent aooidents. In Ae 
osae of eiAer hyposulphite of soda or the cyanide of potassium, 
common water will answer every purpose, smd tiering is 
Tumeoessary. 

In all probability, the operator will pnrohaae the varnish 
required ttx Ae Wished negative ready prepared, bnt we 
apiwnd Ae meAod of making one whioh is obeap Mid effeotxve, 
in ease he Aonld wish to make nse of it. Proonrs of Ae 
oilman or vamish-maker some of Ae varnish known as “ best 
white hard,” and dilate it with twioe its volume by measure 
of methylated spirits of wine. It Aonld Aen be well shaken 
and filtered, whmi it will be ready for use. 

This will oompleto Ae list of preparattons necessary for Ae 
produetion of negative piotorM. "Wo shonld advise the 
operator to prepare all Ae solutions required, and to oai^ully 
label Ae bottles oontsIniDg Asm, os well as to dofinitety 
arrange Ae places where eaA te to be kept, before attempting 
to m^ any experiments; and alAongh this may seem a 
tirsaoms task, he will find Ae advantage of this oonrse as soon 
as he begins actual work. ** * 

'We must again take As opportunity, in bringing this paper 
to a oloee, to dixeot As attention of Ae operator to Ae neoes- 
sity Aat exists for perfect olstnlinoss in idl operations 
oonneotod wtA this ua^l and most pleasing art if he would- 
oommsnd sucoesa. ''(nAont sompnlons attontipu to Ais 
point, A» efforts cit even tbs swat ririlfql mahiimlsto mfild 
heiuvais. 
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THINGS.—III. 

BtXITOKS (continued from VoK II., p. 391). 

. BT CHILES HUBS. 

Wb Iwve now to speak of that class of button which is in¬ 
debted to the turning lathe for its form. The most beautiful 
«f all tiie substances used for buttons of this character is 
undoubtedly the shell of the pearl oyster, commonly known as 
mother of pearL Those orient drops which serve our beauties 
for adornment, and our poets for metaphor, to so large an extent, 
owe some part of their attractions, no doubt, to the romance 
which attends the manner of their introduction alike to the 
yght of day and to the world of commerce. Snatched from 
&e bosom of the deep by adventurous divers, who daily peril 
their lives in absteaoting those shark-guarded traasares of the 
sea, the shells, bn being brought up, are eagerly and keenly 
scanned for the coveted pearls, which occur very few and far 
between. But the shell itself, which is qoite a secondary object 
of the diver’s regard, is destined to serve a purpose, more 
homely perhaps, but to all intents and purposes more useful, 
than ^e treasure it so very rarely encloses. The unpretending 
little buttons which serve as fastenings to the fronts of our 
shirts, are made out of shells fished up from coasts widely, 
separated from each other, and ore of correspondingly differing 
qi^ties. The best are gathered from the seas around Macassar; 
those of the next quality come frqm Manilla; a tliird, of a still 
commoner kind, are found in tlio Persian Gulf and in the Bed 
Sea; and a fourth, the poorest of all, arc brought from islands 
in the Bay of Panama, called the Peiurl Islands. There is 
another kind, of a black colour, brought from the Archipelago 
of the Paoifia, certain portions of which, when the black surface 
is turned off, will yield white buttons of a quality not inferior 
to the best Macassar; and at one time this constituted the 
entire commercial value of the shell, the black portion being 
tlirown aside as waste. But capricious Pashiou, which in its 
way makes more revolutions than war, decreed that black pearl 
buttons, for ooats and vesta, should fur a time become tho rage, 
and Btrai;(htway the heaps of refuse, which hod in many cases 
been buried to get it out of the way, acquired considerable 
value. The substance hod a clear title to public favour, being 
very .beautiful; and a set of picked buttons, highly polished, 
wo^d shine with as many tints as tho chameleon in different 
lights. Black pearl buttons arc still extensively used for ladies' 
mantles, etc., and, turned of very small siso, for ornamenting 
the tops of boots. 

The mode of their production is simple, but involves con¬ 
siderable skill of hand. Tho first workman is colled the “ piece 
maker,” and his duty is to cut out the blanks from tho shells. 
A short tube of steel, the diameter of tho button, with one end 
cut round its edge into a saw, is fixed in a oommon foot-lathe. 
Sie hedds the sh^ firmly against this cutting tool while it is 
revolving at speed, and with some moderate pressure exerted, 
it outs pretty rapidly through. Of course tho largest buttons 
are out out of the middle and tluokost parts of the shell; tho 
thin sides being available for the smaller sizes. The best work¬ 
man is he who oan out up tho shells to the best advantage. 
These blsfiks, or “pieces,” have ibeu to be “bottomed,” which 
means taking off Ike ragged outside of the shell—^that on which 
the waves have been beating—by moanB.of tho turning tool or 
the file. This will generally bo the under side of the button, 
and, if turned, it is of a convex shape. The workman has a 
“ ohodk ” of box-wood in his lathe, slit down with a saw to half 
its length, with a sorew-clamp upon it to tighten it up. On 
the end or face, he has turned a little recess, cerresponding to 
the size of the button, and when he has prized open the slit 
with a sort of jemmy, and inserted his pearl blank in this 
recess, it is held quite tightly enough for his purpose. The 
tuming^tool is a triangular ohbel of steel, points at the end. 
'Urn shell being very hard, this ohisd requires to be 

freqosatly sharpened, but when in good order it t^es off the 
si^erfluouB material, in the shape of fine dnst, very quickly. 
The bottoming is done mostly by boys, and is good training for 
the more ekilM (^>eration ofHuming proper, which consists in 
puttiw the face or pattern on tlm button. The inventive 
ffSBiw of the pearl button-maker ia eonoentrated on the very 
luniiad BBper&^ eontalnfid in one aide of a hattan. It has no 
«tiier field for ita ecierMse. The number and vatis^ of ahapea 


I which he has succeeded in produoin|g would seem impossible to 
a stranger. By the skilful guidance of the ontting tool, now 
I applying the point, and now the sharp edges of the sides, tho 
turaer speedily hoUows out the batten into a graceful cup, 
undulates its surfaoo into hills and valleys, or forms rim and 
oentre into bold plateaux, relieved by deep recesses, l^ero 
is room for some exercise of the artistic faculty in devising 
even the shape of a pearl button, the skill being shown in 
bringing out- the colour of the shell by light asd shade. The 
pattern-books of some makers will show oommon and vulgar, 
while those of others will be chaste and pleasing. The re¬ 
maining proeesaes are done women. They consist of 
“ hubbing,” drilling, and polishing; tho first named being the 
grinding out of certain little uioka or hollows whioh ate 
supposed to give ornament. All these are performed in the 
lathe. 

Pearl buttons for outer garments are now largely superseded 
by those called vegetable ivory, wbicb have a no less ouriona 
parentage. They are made from an odd kind of nut, called the 
Corozo nut, whiik grows ia olustera upon a species of palm-tree 
in Central and South America. In size and general appearonoe 
it is not unlike the potato, and a oasnal passer-by, on seeing a 
wagon-load of them shot down at the door of a button-maker, 
would think he was laying in a stock of that useful vegetable for 
winter. It ia seldom solid throughout, being mostly decayed in 
the middle, and is something harder than wood, but not quite 
so hard os ivory. When sawn through, a good nut is a beauti¬ 
ful milky white, very clear and transparent, but exposure to the 
atmosphere soon destroys the delicate purity of its oomplexion. 
It will, however, readily take any tint in the dyer's vat, and 
this facility, whioh enables it to bo made of a colour to suit the 
garment, is, combined vith its neat and chaste appeamnoo, the 
secret of its great favour with the public. This very beautiful and 
manageable substance has been known in the button trade only 
about fifteen years; some few ornamental articloB, such as beads, 
etc., having been oooasionally' formed of it before that time. 
Ever on the look-out for novelty, the button-makers seized upon 
it eagerly, and at present the oonsnpiption of nuts by them in 
Birmingham alone is certainly not leas than twenty tons per week. 
The material seems eminently adapted for many other small 
artioles than buttons^ and if tho supply can be relied upon, 
there can be no doubt that other spWes of usefulnesa will 
speedily be found for it. 

Tho first thing done is to strip the nut of its outer husk, 
whioh, being thin and hard, easily breaks and sheila off, raising 
clouds of dirty brown dust. It is done by young urchins who 
are known as “ nut-crackers,” and who form imrhaps the lowest 
class of labourers to bo found in tho trade. Mr. J. P. Turner, 
of Birmingham, says, “Every little rascal who ia too wild for 
steady work oan be set to do this ; and consequently they are 
the veriest little Arabs to be found in any branch of industry, 
their destructive propensities being happily utilised in tho 
manner described.” The nuts are then cut up into slices by a 
small oiroular saw, and afterwards eonvorted into buttons by 
a very expeditious and summaiy process. A tool, somewhat 
similw to a oontre-bit, is fixed in a lathe; its ontting edge has 
been indented to correspond efhctly wi& the pattern of the 
button to bo* qut; the workman presses upon it the slice of 
vegetable ivory^and while it is ontting the face, brings up with*^ 
a lever an opposite pulley containing tho tool which cuts the 
back. Both sides of tho button are thus turned at a stroke. 
Tho white feathery shavings fly in all direotious, and the work¬ 
men engaged in this operation look aa though feather-beds hod 
been emptied over them. ' 

Bone buttons are produced by mothoas raffioienily similar to 
Aie above to enable us to dispense with a detailed desoription, 
as are also box-wood buttons, whioh ace made in large sizes, and 
dyed, for police and military overcoats, ete. Ebony, kingwood, 
and other expensive woods, are treated in a manner somewhat 
different. The buttons are tamed and eut from a wooden bar. 
Say that the button is to be an indh in diameter. A length of 
a few inohes has to be cut from the log of ebony, and squared 
on the saw-benoh to one indh; the end ia spigoted to drive into 
the headstook of the lathe; and then the tamer, having roughly 
token -off the eomera to aave Umself trouble, tuma on the end 
of the bar the aemblonee of a button, and having got the face 
finiahed to hia liking, nioks the bar behind it with a sharp 
poiatad tool nntil it ia ent through, and the teibtaii tamblas alt 
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Ca tUi iMUuter he ante hie emy down to the lathe, when he 
tonie out with hie ohieel the bit ^ wood wedged in. 

We nuqr now proceed to examine the methode of prodneing 
huttone made of plaetio materials, which generally owe their 
fom to preeenre. The foremost place in thie category must be 
green to the horn, or more property epealdng, the hoof, button, 
the material being the hoofs of cattle boiled down to a sort of 
t^k pnlp. This kind of button can boast of a venerable anti¬ 
quity, nnd large quantities were made, and sold at a very low 
rate, at the beginning of the present century. Hutton, the 
quaint historian of Birmingham, speaks of “ the cloaks of our 
grandmotheta, ornamented with a horn button nearly the size 
^ a crown piece, a watch, or a John-spple curiously wrought.** 
*rhese, no doubt, were clumsy productions compared with those 
of the present day, which are in many instances distinguished 
by taste and elegance. Some of the designs are of the 'most 
elaborate bharacter, full of fine detail; the soft material taking 
the print of every delicate line in the die. Unfortunately, this 
sharp and dear impression soon begins to wear off, and after 
a time the horn button becomes as smooth as an old sixpence. 

The dies in which they are moulded are of brass, highly 
polished. A number of presses aro ranged round tho shop, 
each containing tho top and bottom dies, or matrices, of the 
button. The operator, oommonoing at one end, puts a small 
quantity of the warm and plastic material into the mould, 
brings down the top die upon it with oonsidemble pressure, and 
leaves it there. He then goes en to the next, and so on to the 
end, by which time the first button is ooolod sufEloiently to be 
taken out. The edges have afterwards to be trimmed, and the 
buttons are completed. The shanks, if any, have been pre- 
vionaly placed in the dies, and the material prosses round and 
enoloees them, so that ^e attachment is perfectly oompleto. 
If it is a large size button that is being made, each prose 
onoloBeB but a single one; but for smaller sizes, the die may 
have a row of holes, each exactly the counterpart of the other. 
It will he seen that tho skill and ingonnity oonsist, not in the 
aotnal making of the buttons, but in the execution of tho dies; 
and it will perhaps bo proper to desoribe the manner in which 
any required numbers of thorn are obtained in exact duplicate, 
although the description properly refers to another trade, that 
of die-ainking. 

In the first plaoe, a die is sunk in steel in the ordinary 
manner. When it is hardened and polished, a piece of red-hot 
eteelis driven into tho impression by repeated blows of a stamp. 
If properly done, tho precise print of the die can bo obtain^ 
upon this ** hub,*' as it is cail^ At this stage, an opportunity 
ooonrs to enrich tho design by tho short out of practising on 
the hub. For instance, if it is intended that the button shell 
have incised marks or letters upon it, or if any part of the 
deeign is to be sunk in its surface, now ia the time to insert 
those particulars. If they were actually cut in the matrix, 
each of the intended deprossione being loft etonding in relief, it 
would neoessitato endless labour; but they oau be etruok in 
the hub, by means of punches, with veiy little trouble. All I 
that is wanted is to finish up the hub to be tbe exact counter¬ 
part of the features of tbe intended button in evei?' particular. 
Then, when it is in its turn hardened and polished, it will 
strike any number of matricee, from which oonnilosa millioua of 
buttons can bo made, all microHoopicslly alike. 

Forcelain buttons, which are not now made in England at all, 
ore also fashioned in moulds. Thirty years ago, tho idea was 
first introduced by a Birmingham man, Mr. R. Prosser, and 
taken up by tho celebrated Staffordshire potters, Messrs. Minton 
and Co. The French, for some reason at other, took warmly 
to tile trade, sad probably by the nnsompnlouB use of child 
laboUi dravo their formidable oompetitore out of the market,* 
and new have it all to ihemeelves. There is nothing remark¬ 
able about the bnttona, except their cheapness. The present 
wholesale price is abont 9td. for a great gross, vis., 144 dozen, 
neatly sevra on.good paper, and made to look spmoe. 

Some kinds of glass buttons are moulded, or pinohed, by 
methods not differing ■nffioiently from those described to call 
for fufther desoription; but tbwe are other ways of produoing 
them, which may be interesting. One method ie identical with 
that which is us^ for making gloss beads—indeed, the bnttona 
on beads, fitted with • ohank. Coloured glass is drawn into 
xoda of the xeqnized gwsfe, each tod having a hole down the 
oontre lihe tint in tte gtsaa of a tobacco pipe. The workman 


breaks off a piece of this rod, threads it on a wire, and sitting 
down before a lonqi, direots a jet of flonw on to the end of it 
with a blow-pipe, and melts a pieoe off. He twirls round tiio 
wire with his fingers, and the fneed bit of glass aasnmes a 
globular form by the ooheaion of its partiolee. The ehanks are 
affixed in an ingenious way. A pieoe of fine wute ie doubted up 
close, and on the double end ie soldered a email round plato, or 

ooUett," not much bi^^v than a good pm*8 head, liie bight 
of the wire is then passed through the hole in the button. 
Doming out a little way on the oppoeito side ; the ooUett pre¬ 
venting it from slipping oompletdy through, and forming on 
ornament for tho top of the button. A second ooUett is passed 
over the projecting wire, and pushed up close to the under side 
of the button; and then the loop ia opened out to form the 
shank. The method of making solid baU buttons of glass, with 
shanks attached, is no less ingenious. Tho shank is formed first, 
of bent wire as before, with a little length to spare in the two 
ends; those are then spread out a little in the sitepe of a V; tho 
loop of the shank is fixod in the lathe, and while it is revolving, 
tho workman molts off upon it, with a gas-jet and a blow-pipe, 
sufficient glass to make a button, from a thin rod which ho 
holds in his hand. The glass wraps round tho wire in a ropy 
form, just liko so much meltod sealing-wax, hut a few turns 
under heat makes it faU, of its own aocord, into a true spherical 
shape, perfectly smooth and seamless. 

These lost two variotios of button, though wo have included 
them in our third class, as being made of plastio material, do net 
owo their form to pressuro. We have now to speak of ono, 
which, though presaod into shape, is not made of plastio material. 
This ia tho papier-maoh^ button. It is principally used for 
children’s boots and shoos, and is consequently made only in 
smaU sizes. Tho blanks are cut cut of ^eets ef thick paste¬ 
board in the ordinary manner with a press, the punch at tho 
samo time making a stab in the centre of'the disc to receive tho 
shank. *rbe shanks are stuck in by children, and tho soft 
button, which is no more than a bit of brown paper, being put 
under a heavy press, and subjected to a powerful squeeze, is 
compressed into shape, and becomes as hard and smooth as 
ivory. 

Such are a few of the proccssoB in vogue in this romarkablo 
industry. We have only aimed at describing the leading features 
of those which appear to head the groups, their modifications 
being so numerous as to make it hopeless to try to bring any 
detailed account into reasonable compass. A mere list of tho 
various kinds, patterns, and designs of tho buttons now in 
the markot would fill several numbers of this periodical. It is' 
hoped that what has been written will enable the reader to 
comprehend euffioienily the main principles of button-making. 
A few words as to the position of the trade in this country may 
not be inappropriate in oonolnsion. It is far from being one of 
our monopolies, or even one of our specialitieB. Mr. J. P. 
Turner, the authority before quoted, puts down the number 
emplcyed in all branches of the trade in Birmingham at about 
6,000; a total which would not be materially eweDed by inolnd- 
ing the whole kingdom. *1110 French Offioi^ Catalogne of the 
Eiffiibition of 1667 stated that the number then employed in 
France was 22,000; and further, that the industry, compara¬ 
tively insignificant thirty years before, hod made extimorffinary 
progress, and that Franco was then famishing to the mvillBed 
world by far the greater part of tho whole button manufacture. 
Mr. Tomer, on the other hand, supposed that “ tiie quantity- 
exported from Oermemy to other oountries must far exceed that 
from both England and France together.*’ We ore, therefore, 
oomplotely di^noed by two oomipetitors. The oanses of French 
supremacy are not for to seek. In an artiole snaoeptible of 
such infinite variety of design and ornamentation as a button, 
tho high art ednoatien of tho French, their natural aptitude, and 
long experience in the prodnotion of elegant trifles, find a most 
oonvmient opportimity for their exeroise. The resnlt ia, that 
they have established a reputation for the artistio varieties with 
all the bnyers of the world, and these, also attracted towards 
Paris as tiie Mecca of fashion, seek to oom{dete their pnichases 
without coming to England. The German buttons only exoel 
onra in cheapness. *' 

By way of contrast to the cheap poroelsin bnttona before 
mention^, wa may refer to the onoe fadiionahle steM bottons, 
cut witii facets, which used to be made and sold by Matthew 
Boulton at 140 goineos the gron! 
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SOLDIEKING. —I. 

BT A STAFF OFFICXB. 


SYLLABUS. 


MATTBsa to be oonsidefred in the organisetion of ereiy mny— 

. _ _,, ( I. How men are obtained for it. 

'ssr!sa,‘'^i n- 

1,111. How they are tiained. 

B. BnUfiagnpenanay ( lY. Units of oommand. 

out of. the indi- ) V. The higher organiiation, from the 
eidoehiwhlohoom- i first unite into new oommands. 
poM it. C VI. Supplie8,andmeanBofobtainingthem. 

' I. Means of obtaining men:—^TolontatT' enlistment; com- 
pnlsory enlistment. 

H. Equipment. Subdirided 

(a) The agents employed by men in actual fighting, 
(t) Clothtog. 

(e) Immed^to necessaries. 

(a) Iho active agents in war— 

(1) Fire-arms, large and smsdl. 

(2) Hand-to-hand weapons. 

(3) The liorso. 

How the progress of invention has afTocted the qualities 
which aro of the grop.test value in a soldier. 

How the present condition of arms and the use of the 
horse cause the subdivision of armies into the three 
great brunches or “ arms " of the service— 

(a) Infantry. 

(b) Cavalry. 

(c) Artillery. 

The division into the throe arms must bo taken into 
account in considering the conditions which fix tlio 
nature of , the clothing and immediate nooessarios of 
each arm—• 

(1) What is essential for all arms. 

(2) What conditions must bo attended to in the 

equipment of each arm. 
in. Training:— 

(a) Discipline. 

(b) DrUl. 

W. Units of each arm— 

Infantry ; The battalion, spaoo occupied, what fixes it. 
Cavalry : The squadron, space oocupied, what fixes it. 
Artillery .- The battery, its strengtli, how subdivided. 

V. The higher organisation of an army, from tho units into 
-new formations. Proportion nooessary to be observed between 
the arms. Org;anisation of— 

(a) Infantry. 

(b) Cavalry. 

(e) Admixture of artillery with these. 

(d) Completion of the whole into regiments, biigadbs, 

divisions, oorps, by the addition of engineers, etc., 
and the action of a proper staff. 

(e) Organisation actually adopted by vazioua nations 

during recent wars. 

YI. Ormnisation of tho non-combatants. Main points to bo 
. Qonsidered:— 

(a) Supplies for an army. Wbat those inolude; conditions 
to be fqlfilled. What experience has taught as to 
the best means of obtaining them. 

(1) Transport—ndlway, water transport, road work, 
wheel-carriages, pack-animals. 

(c) Care of sick and wounded. Piinoiplos to be attended to. 

(1) Hospitals, their necessary Bubdhrision of classes. 

(2) Trauport of siok and wounded, and of stores 

neoesBory for them, speoial care for the re¬ 
moval of siok and wounded from the field. 

(3) Oiganisatioc of medical attendance. 

WTBODUCnON-OBJECT OS' THESE EAPEBS. 

'WSAT iW ABUT IS—TUB FIBBT NBCESBITT FOB EVEBT 
ABUT IB OBSAEIBATION-tWHAT WE UEAK BT “ OBOANIBA- 
TIOM.” 

The following papers are intended to fulfil, aa to that busiuoss 
fX "soldiering” which has of late years threatened to beoome 
BO terribly important a one in Europe, the same purpose wUoh 
the (rther papers of these rolumss have aooompUedied for other 


bosineasos, arte, and trades. There have been already papers 
contained in Tbb Tbckhioai. Eoucatob whiob were diiefly 
interesting to those who wished to know something of the 
employments of soldiers—of the arms they use, sad of the 
fortifioations which they attack or defend; but the sabjeots to 
whioh a soldier’s attention has now-a-daya to be directed are so 
numerous that these, and not a few other matters, can only be oon- 
aidered aa bronohes of tho great business on whiob he is oooupied. 

In order to understand what a soldier is, and what he has to 
do, it is neoessary to beoome acquainted with him as a member 
of the great body to whioh ho belongs ; and to know what is 
required of him, in order that ho may do his duty in it. IIDie 
oonnection of the different subjects which ho has to study, and 
their bearing on bis main business, will then beoome apparent. 

All a soldier’s work is either a small contribution on his port 
towards the common efficiency of tho whole army, or a prepara¬ 
tion for performing his part towards that end; and it is, 
therefore, as unsatisfaetory to study his individual duties 
without examining the constitution and nature of the body to 
which he belongs, as to examine the work of a finger or a thumb 
without any study of the hand or the arm, of which it is a 
member. But if it is impossible to beoome acquainted with 
tb& real nature of a soldier’s calling without thus getting to 
know Bomotliiug of tho nature of an army, it is still more hope¬ 
less to study what is called the “ Art of War ” in its higher 
features—to attempt, that is, to comprehend why battles and 
campaigns ore won and lost, without a thorough acquaintance 
with tho manner in which armies are held together, and with 
tho conditions of their effective action. For battles and cam¬ 
paigns ^ not fought with ooUectious of men who start from 
their bbmoa iu the morning, engage in a struggle of physioal 
strength in the afternoon, and return to their homes in the 
evening, but by bodies so organised and prepared for action 
that they live under conditions of existence altogether different 
from those of tho individual men of which they are composed, 
and yet aro entirely created by the aspect which the necessities 
and oharaetoristics of the bodies and minds of men assume, when 
they aro brought into the strange new organism which is 
created by the moulding into one homogeneous whole of their 
several individualitieB. 

A variety of questions have sprung np in regard to the army 
of latq years, whioh all who take an interest in the future of 
their country wish to bo able to answer correctly. Hardly any 
of those ore answered by attempting to give an account of the 
sovoral parts of tho studios on which a soldier is necessarily 
engaged. Almost all of thorn will be understood if the nature of 
aa army is properly considered. Of these, some of tho most im¬ 
portant may be noticed, aa they will make the object of our work 
muoh clearer. We will put them in the form in whioh we have 
heard them. “ How can sensible men take any interest in what 
is at best only a dreary prepitration for a duty whioh may never 
require to bo undertaken ?” “ What can be the use of sending 

our volunteer battalions down to a review where they do nothing 
but march, and never fire a shot P Who is to blame that tiiia 
is all that they loam?” "Can our army maroh ? and is it a 
proof than an army can march because our regiments, batteries, 
and sqnadroifB are as well up to their work as any in Europe, or 
is something ‘rise required to enable an army to march, whiob 
has nothing io do with the power of tho men to walk long 
distanoes, endure fatigue, and know their drills wdl P” " What 
are the advantages and disadvantages of compulsory service ? 
Is it economical P” 

An army is the instrument by which tiio rulers of a nation 
ondeavour to give force to their views and wishes in dealing with 
ether nations. In considering, as we are for the moment doing, 
the object with whiob those who oreate the army will sot to work, 
it is irrelevant whether the rulers of the nation aro, os is the oMe 
with a free people, simply the representatives of tho nation' 
itself, or whether a despot handles tho resources of the oonntiy 
for his own purposes. In either case the object will bo to 
develop the force in such a manner that it shall act only ^der 
the impulse whioh is imparted to it by the will of the ruler, 
and yet shall be aa powerful on instrument as possible in tho 
hands of him who wields it This result has, in fact, to be 
obtained by utilising the services of on immense body of men, 
each of whom has aa strong an inclination as men in gmeral 
, have to carry out hia own wishes, and no one else’a. Moreover, 
i without any very epeoiol preliminary teet ae to oonrage, wa 
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tatead to exMt from thoBe mea aa fadifloreaoe aa entire aa we 
out pouibly obtain to another qaeetion, on which moat men 
am a irood intereeted—^their lirea. 

Agi^, as in order to obtain the object for which the army ia 
to esiet, the prime dnty of theae men will bo to fight, they will 
not be able when ootn^y on a campaign to perform effeotiTely 
for ihemaelTea any one of those duties which men uauaily 
undertake in ordinary life; they cannot see that proper 
■applies of food and stores of all kinds ore present at the spot 
where they need them, and some means must be taken to 
■ocure their constantly haring them at hand when they need 
them, otherwise they will not be able to fight at all. All thoso 
and many more matters have to be well considered, and in tho'f' 
result an army has to be rendered at once os solf-dopondent as 
it can possibly be; as able to act as a single unity, and yet the 
fully-developed force of every individual must bo put forth to 
the utmost possible extent, in order that the common force may 
be the greatest possible. The means by which thoso results ore 
brought about is what we call the orffanisalion of on army. I 
am anxious for a moment to insist upon the word, booauso on 
army is often likened to a machine, and I have myself spoken 
of it above as an instmment. An army may so far bo an 
instrument that it is used for a spooifio purpose, but in so far 
as its interior ooanomy and working is oonoemed, it is marvel¬ 
lously unlike a machine, and marvellously like a vast living 
body, instinct with a most definite life of its own, in whioh 
the duties of the sovoral organa are as distinct ns they oan 
possibly bo, and yet in whioh no small part of the duty of oooh 
is to oo-operate with every other for the common end of the 
efficiency of the whole body, and in whioh the object of him 
who wo^d develop its force is to bring out the full effootivonesB 
of every organ in the highest possible degree. 


SANITARY ENGINEERING.—XIV. 

THE VENTILATION OP HOSPITALS. 

out previous papers on ^this subjeot, we have treated the 
ventilation of private houses and public buildings, and wo now 
devote a paper to this special heading os one of nnnsnally 
genorol interest at the moment, giving some practical examples 
the different systems adopted. Tho first instance we select 
m that of the Now Infirmary, as it is called, erected for tho 
Wandsworth and Clapham ITnion in tho course of last year. 
Natural ventilation only is employed; there ore neither special 
furnaces, steam-power, or other meohanioal aids; and we take as \ 
an example, a single ward 123 feet long, 24 foot fi inches wide, 
and 12 feet high. | 

Standing out dear in the centre of the room, and about | 
equidistaut from each end, ore two upright chimney breasts, i 
eaoh with two open fireplaces, one on each side, faeing tho ' 
long way of the 
ward; these have 
a flue unoonneo- 
ted with tho 
■moke-flue, run¬ 
ning along and 
under the floor, 
and communioat- 
ing with the ex- 
tmal sir ontor- 
iag at the back 
of ^ stove into 
a ohambor con- 
■tmoted for tho 
pnrpos#; and the 
fresh sir, thus warmed, passes out into tho ward by openings in 
the front of the upper part of the stove. Imm^ately above 
these gratings, which are made of terra cotta, there are others 
exactly similar, also communicating witii the air outside, but 
from a totally different direotion. The smoke-flneS are oon- 
■trusted on ike principle illustrated in our last paper— i.e., at 
eaoh angle of the oironiar flue there is a small air-fino, whioh 
in this case runs up to the roof, where there ia a chamber 
(qpeoially built, and open on all four sides to the oxtemal 
air, endosed, however, by gratings of oppn terra ootta, and 
trtm this a ponstant doira-4rang]it of fresh air is maini^nod 
into the.. 'pwrd. Again, in each pier between the windows 




on both sides of the wards are Sheringham’s ventilators (as 
described in Vol. in., page 22), reg^nlated by lines under the 
control of the nurses, and opening through the wall dirootly 
into the external air. 

It is, however, a wdl-known fact ia hospital experisaee, that 
certain classes of gases generated ia disease are heavier than 
the ordinary atmoepbers, and fall to the ground; these, if un¬ 
disturbed, ocoumnlate under the olothes below the bed aa under 
a bell-receiver, and os in the ordinary oourse of traffic nurses 
pass by the bed, are oooasionally disturbed and set moving about 
the room. In this case under tiie head of eaoh bed there is fixed 
an ordinary 

“ hit or miss ” A 

voutilator of — 

metal, opening 
direct through 
the wall into 
tho air ; by 
opening this a 
fow minutes at 
any time the 
gases are freely 
dispersed and 
removed by tho 
ordinary exits 
of foul air. 

Lastly, as a sort 

of porpetuol safety-valve, there are flues in tho external walls 
running up to tho roof, opening into tho word by solf-acting 
valves, somewhat similar in construction to those desoribed as 
Dr. Amott’s (Vol. III., page 22). These flues are calculated at 
one inch of area for ovory fifty cubic feet of air contained in tbo 
ward, and load into the open space contained within the roof, 
which acts as a hot-air chamber, and has louvres at the ridgo 
by which the foul air finally escapes. We may mention horo 
that, aa an additional precaution, tho drains are ventilated 
by separate finosthat run up in towers to a height oonsidorably 
above tho general roof level, and that a receptacle for oharooal 
ia provided at the top of each flue as a disinfeotant. 

Having described one of the most perfect of modem systems 
for what wo call natural vontilatiou, we now proceed to give the 
detail of one or two otbors where official aid is employed, and 
wo next take up the new buildings at day’s Hospital, of which 
tho first portion with the central towerwas erected about eighteen 
years ago, the other wing having been completed last year. In 
this OBse there ore three lofty shafts, two for the admission of 
fresh air, one on either side of the principal entrance, and tho 
third towards the centre of the building for the oxtraotios of 
tho foul air and the exit of tho smoke at a level very much 
above the height of the otlior towers, from which it ia situated 
at some considerable distance. From the top of the admission 

shafts the fresh 
air is carried 
down to a cham¬ 
ber in the base¬ 
ment, where it is 
heated by passing 
over a series of 
hot-water pipes,' 
sad then ascends 
by numerous flues 
oontained in the 
briek piers in the 
centre of the 
wards. Tho 
WTonght-iroB box 

girders that carry tho various floors are here brought into play, 
and contain both the admission and extraction fines (Fig. 8). 
There ate twenty-two of these gdvders in oadb, ward, and the 
longitudinal section (Fig. 9) shows the oourse of the air. 

^e upper flue, embedded in the oonorete of the floor,admits the 
fresh or worm air as required by gratings in the floor; sad tho 
lower flne, wbidi is immediately j^low &e oeiliag of tiie wards, 
receivoB through a nnmber of circular aportnres vitiated air 
from the ward below, whioh la tiien carried by a series of inde¬ 
pendent fines to the vitiated air-ebamber in the attic etorey, and 
thence to the groat shaft in the centre of ike bnilding. 

In the portion of the bnilding erected eenne time ago a system 
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•Imoat directly the reverse this is in operation as regards 
llie admlsrioB and extraction of the air, thongh the general 
Birangeinent of tiie flues as far as the bnllding oonstraction is 
oonoemed is vary similar. The fresh air is introdnoed by 
gratings in the w^ls close to the ceilings, and extracted after¬ 
wards tbrongh gratings in the walls near the floors and imme¬ 
diately under the heads of the beds. There is something to bo 
said in favour of the latter system: but so long as there is a 
thorough change of atmosphere, and the temx>eratnre is pleasant 
without draught, it does not materially matter how the change 
is accomplish^. The experienoo of a year or two will donbtlosa 
prove beyond a doubt which of these two dinmotrioally opposite 
systems of air currents is to bo preferred. Tho heating 
apparatus in the basement is only supplomentary to the open 
fireplaces, of which there are four in each ward, as well as another 
in the vrard kitchen, tho ground floor having open fireplaces 
only, and the upper floor or dormitory hot-water pipes eiren- 
luting through Its ontire extent. There arc varying modificatiouB 
of this system of warming adapted to the mnscum, tho grand 
staircase, and other portions of the building, into the detail of 
which we need not here enter, as the general principle upon 
which they have been oarried out is already sufficiently ex¬ 
plained in our previous paper on warming by worm water. 

A general desoription of tho arrangomonts would be foreign to 
our prosont purpose, which includos only an explanation of tho 
general principles adopted in tho arrangement of tho ventilation. 

Wo oonolude our short series upon this subject by an account of 
the system adopted at the lost erected and largest of tho London 


hospitals—via., St. Thomas’s, adjoining Westminster Bridge, ] 


which wo may say combines tho advantages of tho natural and j 
distributed system, with tho introduction of artificial aids to | 
ventilation in detail. I 


throughout the various floors of an extensive building arranged 
and oonstmeted so ns to be under entire oontrol. 

The third, St. Thomas’s, while availing itself of tlie powers 
conferred by either system, preserves the oontrol in detail, 
which must sometimes be desirable in individual words. All 
these various combinations work satisfactorily, and no doubt, 
if it were desirable, we could furnish many other examples of 
varied methods for the introduction of fresh idr and tho re¬ 
moval of foul; but if this paper is read in connection with our 
two previous papers on vontilaticn, and also with that on 
heating by het water, any details nooessarily omitted for 
want of room may bo cosily snp])lic(l, and wo here complete 
our scries of articles on this subject to prooeod to tho equally 
important sanitary topic—vis., drainage. 


SILK CULTURE.—11. 

By AuiXASUEit 'WxLi.jkUK, M. D. 

TIMfc FOE HATCHING — HANIPtlLATION FOB HATCHINU — 
FEBDING WOHM8 IN EAELY STAGES—PAPIBR PILETH AND 
NETS—SUCCESSIVE HOULTS OP TVOBHS. 

Early in tho spring, on a warm sunny day, it is usual to wash 
the eggs with water at a temperature of 65® to 70® Eahr. 
Bod wine is sometimes used for this purpose. The eggs ore 
then dried in a warm room, but without a draught. Early iu 
April, in Italy, the eggs hatch out; in France, early in May; 
and in England, the first week in June, if the eggs aro kept in 
a cool, airy, dry cellar at a temperature of 50® to 55®, thore is no 
fear uf their hatching out prematurely; but at a higher tempera¬ 
ture they will very probe^Iy do so. Towards the end of May, 
when tho weather is wans, bring them out into the vmgnantrie. 


Taking a single ward as a sample of tho whole, the arrange- | gradually raising tho temperature 5* daily, till 70® or 76* is 
ments are as under:—There are three fireplaces in the centre, j reached, at which tompomture the eggs wUl hatch. A higher 
facing endways of the ward, and the heat of the fire is made tomporaturo is recommended by some, but 1 have found my 
available for the up-draught of on extraction-flue which surrounds eggs hatoh out remarkably well at 60® to 65°. 
the smoke-flue of each particular chimney with on iron cosing, The manipulation necessary for hatching out is as follows s-— 
and removes the foul air through a grating at tho ceiling level; Light a fire in tho stove of the magnaiwie; in the evening place 
fresh air is supplied to tho fire and the ward by a flue running tho cloth or card on which tho eggs arc laid; or if loose, place the 
within tho levels of the floor, and oommnnioating dirootly with eggs in a thin layer on linen, on a table near tho and cover 
tho external air, which is warmed by its entry into a hot-air I them with muslin net. Ordinary cap net is admirably ada{)tod 
ohamber behind the fire before it is admitted into the room. 1 for this purpose, of a size sufficiently email to permit tiie worms 


I'he pavUions of the hospital are large blocks of building, of to creep through easily. Early in the morning the worms 
whioh each floor forms a ward with its necessary adjuncts, hatch out, at first one or two only as forerunners j then, per- 
lavatories, etc., nurses’rooms, and kitcdiens, and to each pavilion I haps, the next morning fifty or sixty worms, and then they 
is provided a separate and complete set of hot-water apparatus, ! batch out in bulk. In throe or four days, or at most a we A, the 
having its boilor and furnace in the basement storey; the flue Worms ought all to have hatohod out. It is a matter of 
from'&iB is carried up to the turret level in an iron tube whioh t importance to keop each day’s hatch separate, os, theorotioslly 
forms the oentro of an air-shaft or extraction-flue for the block to I speaking, those bom on tho same day ought to pass through aU 
whioh it belongs; and on each floor are two large ooils of hot- | their changes together, and spin their cocoons on the same, day i 
water pipe in addition to the open firos, each coil supplied with ' but this is rarely seen in practice, though it is possible for the 
fresh air by a separate air-duct contained within the level of ' bulk to pass their changes at the same time; a cord, thraafbre, ig. 
the floor, and drawing its supply from a grating in the external ' placed with each day's liatoh and tho date written thereon, and 
wall. From the ceiling and floor level there are also separate ' eaioh moult is noted on this card, whioh gives, so to speak, 
gratings oommuninating with specially oonstmeted flues, all of ! the life-history of that tray. The woruw having hatohod out, 
whioh lead into tho one central extraction shaft annexed to tho ! crawl B]>eedily through to too upper surface of the net, and may 
smoko-flue of the hot-water apparatus in toe basomont uf each i then have,aome finely-out leaf scattered over them thinly; and 
pavilion. ! as some worms hatch out during the morning, I do not remove 

Hie sources of supply of fresh air, or tiie fresh air-dnots, aro j the muslin, net till midday, when it is placed with toe worms 
therefore two in number;— 1 thereon, on a newspaper, in too position it is to occupy as A’o. 1 

1. The flue from tho external air communicating with tho book j tray, during the life of too wonns; a fresh pieoe of not is then 

of toe stoves, three in number in each ward. placed over tho eggs. Should anymore worms hatch out, pieces 

2. The flues that oommnnioato in toe same way with the hot- , of out loaf, of a little larger size, ore placed near them; on tocso 

water coil, two in number in each word. | they crawl, and are then easily removed by a pair of forceps to 

The extraction ducts are of two descriptions :—(1) Thoso ' their companions. This process is repeated day after day till 
surrounding the fine of tho open firoplaoee, throe in number,*' all tho eggs ore hatched out, or nearly so, and each day's hatoh 
running up to a ohamber in the roof, and oommnnioating with the i numbered consoeutivoly. It is not worth whilo to keep the few 
main extraction shaft from top and bottom of ward. (2) Thoso ! early or late worms, toe oare and trouble expended on a tray 
eonnedted by flues with the same eitractioa shaft containing ■ containing few being greater than that expended on a large 
the smoke-flue of the hot-water apparatus, of which thore is one : number. It is desirable, therefore, to have trays which mo 
provided to each pavilion in the area of stoiioaso adjoining too j well filled with worms. It is well also to bo provided with 
shaft of tho lift from top to bottom. double the weight of eggs intended to bo raised—viz.^to hove 

The three examples quoted illustrate dilTeront methods of 20 oz., where it is intended only to rear 10 oz.; for unfoKseon 
ventilation: the first, too 'Wandsworth Infirmary, showing what j losses may occur, or some worms may bo lost through disease, 
may be called toe natural system, in whioh toe common open fire i whioh, if there aro no spore eggs, cannot bo replaced; therefore, 
is the only assistanoe to the ordinary admission of oxtemal air, as eggs cost much less than worms at any age, and as tho care 
The second, Guy’s Hospital, exemplifying toe introduction of I and trouble of feeding small worms, as well as the expense of 
what wo may <»11 a complete system of artificial ventilation j leaf, is at its minimum, it is real economy to provide a double 
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portion of «gga. The freah joang ehoot of the mnlbetty maj 
be gathered and given to ^ joong wome, out fine with a 
knife or eoiatora, or by means of the mulbeny-ontter, a maohino 
made like a ohadf-ontter, which greatiy eoonomisee the labonr 
of preparing the leaf. It is, however, soaroely wmrth while to 
use tto maohine for the first age, except where very many 
worms are kept, as enough food can then easiiy be prepared 
by means of eoisBors or knife and a ohopping-blook; the leaf 
should bo out np in pieoes not larg^er than the size of a pea or 
bean, and may be given four times daily—at six a.m., at ten 
a.m., at two p.m., and at six p.m. There is a great art in dis¬ 
tributing the out leaf to the worms; the object being to give 
them just as much as they will eat, and no more; too much leaf 
will be wasted, the worms orawl on to it and soil it; and if this 
aeonmnlates in a moist state, it is apt to decompose and emit a 
noxious vapour very delet^ous to the worms. The bed on 
which the worms rest, consisting of their excrement and of the 


stamped by maohinety, bat they do not last for more than two 
seasons, absorbing moisture and becoming soiled. Nets, there¬ 
fore, whioh con ^ washed every season ore preferable, though 
more expensive at the outset. When there are two or more 
attendants, it will be well for one to go round early in the 
morning, and mark the trays whioh requixe obanging (i^., fresh 
beds), with some sign agro^ upon, such as a pieoeof paper, or 
cord, or pill-box, on the tray; the feeder following with the 
foesh food, passes over that tray, till the clean net is put over 
the worms. In feeding, it is well to sprinkle the out lei^ at 
first all round the edges of the tray. Worms always follow the 
leaf, and as they grow larger, require more room; by feeding 
round the edges at first, the area for the worms is gradually 
and slowly increased, and more space is given. When the 
worms got too thick on a tray, they must be divided into two 
lots; to effect this, a net is spread over half the tray, and fed 
I over. When the worms have risen, the net may be removed to 



Fig. 3.— THE CS.TEEPXU.AB, COCOOW, OaBTSAUB, AND MOTH OP THE BOMBTX FXBKTII. 


unoonsumod food, especially the stalks and ribs the leaf, 
should bo so orisp and dry that no effluvium can arise, and no 
gases be generated. When the bed reaches to the thickness 
of a quarter of an inch, it is time to give the worm a clean bed. 
This is acoomplishod by spreading over the worms, early in the 
morning, a net having meshes just wide enough to allow the 
worms to pass through easily; on this now bed fresh food is 
lightly sprinkled, and the worms orawl through or “ rise to their 
food ” with great zest. At noon the net may bo lifted off, with the 
worms and thtir fresh food. Should any worms remmn behind 
(rstordairss), they are weakly ones, and may, if the stock be 
abundant, be thrown tfway, as not worth fa)^er tronble, or 
if required, a spray of mulberry may be placed over them; on 
this they crawl, and may then be removed, but not to their 
former oompanions; they must be imt back a stage to the next 
tray. It is not deeirable ever to touch the worms with the 
fln^ or thumb, except, perhape, at epinuing time, but even 
thia should be avoided as much as possible. On the Contineut, 
pai^illeto, orperforated paper, ore used instead of nets, in four 
aiaea,‘<l>aviiig different sized Imles for the wormz to cretp 
through aeoording to their ages. These are very cheap, b^g 


a contiguous tray; but it is desirable to keep the worms of the 
same age near together, for reasons presently to bo mentioned, 
the eldier ones at one end of the room, the youngest at the 
other end, always to begin with the elder ones, and so go 
through to the youngest. Therefore, supposing there are six 
tiers or trays on each upright stand, it will be well at first to 
occupy two only of these with worms in their first age; those 
two, however, will in time ooonpy the whole of the six trays. 
If, however, these other four trays were oooupied from the first 
with other worms, a grsat deal of shifting must from time to 
time ariso of the whede of the brood, oansing extra trouble to 
the attendant, and disturbanoe to the worms. Again, it is an 
advantage to keep them in regular order, the eldest fir^ and so 
on, always inspeoting the elder worms first; for tbs simple 
reason t^t as each batch is a day older thsn the next, eo in 
tiieir suaoeBsive ohangea the second batoh will bo, on any given 
day, exactly in the same condition in which the first batch was 
the day before. Thia simple rule enables the attendant to fore¬ 
see regularly the coming changaa, and to provide accordingly 
olean beds, more or less food, etc. etc., aeoording to require¬ 
ment, as he has to do one day exactly the some as he did the 
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REFS. TO NUMBEES OF FIOUEi:.".. 
VAl’IBB FILETS, 

Machine made In four elzcs. 

1. For youni; worms. 

2. For becond and third nden. 

2. For third and fourth ages. 

4. For last age. 

NETS. 

5. Fine cap net to spread orer the eggs, 

and tor the iirat change of hed. 

G. Larger meshed cap net for worms 
after first moult. 

7. Machine-made nets for worms after 
Boconil monlt. 

(■'. Ditto tor worms after third moult. 

9,10,11. Three dUferent-sisedmesh-nets, 
luHid made, for woriue in fourth and 
last stages. 
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day before to aa older lot. In feeding, it will be fooad much 
eaaier to distribute the food evenly and sparioely when the 
band is full of food than when only aaiaall portion is token up. 
It may be scattered in two ways, the iwlm being uppermost and 
the fingers rigid, more or less open, or manipulated by the 
flngr^ Bnd thumb, the palm being undermost; 1 prefer myself 
the first mode. Attention mast also be given to the age of the 
worms. After a moult the first feed should be spare, and 
it is also desirable to ohangje their bed as soon as possible. 
After that they become very ravenous and consume a groat deal 
of food. Again, as they approach a moult they eat less end 
require a light feeding, certain changes then ensue, their bodies 
become light coloured and somewhat transparent. They spin a 
secure foothold, te which they attach the hind-feet, and this 
done, they elevate the fore part of their bodies, their head 
standing up sometimes like that of a snake. In moulting, as 
is the COSO of lobsters, the skin of the head, face, legs, and 
body comes away, as also the lining membrane of the spiracles, 
or breathing apparatus, and of the intestinal canal. The orea- 
tnra emerges with a loose, wrinkled skin and a larger head, and 
seems a muoh bigger eatorpillar than he was before. Now the 
result of the new faoej|too'iring steadily behind the old ono is to 
posh off the latter, wm^, being smallor, leaves the upper por¬ 
tion of the new faoe visible. Heneo, at the junction of the 
face with the oollar or neok there is visible a greyish-looking 
triangular patch—in fact, the upper portion of the new faoe, and 
this, when observed, is ths most eertain and charaoteristio sign 
that a monlt is in progress. Moulting generally ooonpies about 
forty-eight hours, but may be retarded by a cool temperature. 
‘Worms that have moulted can always ba distinguished from 
those ikat have not yet done so, by the greater size of their 
heads. There ore four moults in the worm’s lifo; after each it 
greatly inoreasos in size. TTiere is also the omergenoe from the 
eggs, the change from the caterpillar into the chrysalis, and 
again the change into the moth—^in all seven stages or ages, and 
the entranoe into each new ago is iwkod by the putting off tho 
oldn or asuviumpeouliarto thefomier age. It is a wonderful ro- 
fleotion, yet true, that the tiny nowly-bom worm should poBsoss 
the germs of six exuvia, each of them larger than the external 
ones, tho innermost skin being the largest of all; yet so it 
is. It is important to xeoogniso the impending moults which 
ooonr at regdar intervals, for then the worms do not food, 
and not on^ would food be wasted upon them, but it would 
xnfilot a positive injury; for if scattered over them at that 
oritiaal period, they would be unoblo to rise above it, having 
attached their hind-feet firmly to the silken threads spun for 
that purpose, from whieh, if they ora hy accident released, death 
ia the iimvitable result. Moreover, their spiraolos, or breathing 
apparatus, thirty-two in number, situated a pair on each seg¬ 
ment jnst above their legs, would bo unablo to perform their 
fnnotionB (were the worms smothered by fresh food when un¬ 
able to rise), respiration would be feebly performed, end disease 
or death ensne. It is more important to supply silkworms with 
an abundant supply of fresb pure air of regular temperature, 
avmding draught, than with food; the latter thqy can go with¬ 
out for a period; but if deprived of the former they become 
nnbealthy. I have often seen worms turn diSiMjjoured, and 
perish from being smothered while monlting, by a too liberal 
supply of food. 

Moulting is porformod oa followsA series of oontraotions 
and extensions take place inside the old skin, by means of 
whiob the legs are withdrawn from thmr old envelopes, and the 
ereatore, eo to speak, moves forward inside his own skin. This is 
evideaged on close observation, (1) by the hind-legs or olaspers 
being observed in motion anteriorly to the old claspers; and (2) 
by the inner lining of the spiracle being drawn out to the’ 
extmit of one-eighth of an inch in a worm monlting for the last 
time; these show os an interrupted white line running laterally 
with the spiiaoles. 'When this is observed, tho active change has 
begun. Hitherto the worm has been motionless and passive, 
watting tin all was ready. Ywy soon, owing to pressure from 
behind the animal, as it were, walking forwards within the old 
ddn, rupture of this old skin takes place at tho collar; the neok 
Is pushed forward, the old face still remaining on > first one 
pair of fore-log!) and then another is protruded, Tho hind-legs 
of the old skin all the time remain firmly attaohed to t^ 
ailken oords; but should this attachment unfortunately give 
way, tile oieotuie seems unable to extricate the hinder portion. 


of its body, and the old skin turning brown, remains as a liga¬ 
ture preventing defecation and respiration, and oaw^g slow 
death. The worm having freed ita lege, pair after pair, otawls 
forth, a new creature, drops its old face, and, ersot on its hind¬ 
legs and elospers, waits tUl the new integument of the mouth, 
head, and legs, etc., harden; after which it starts off in sesroh of 
food. The old skin, with Ihiing membrane of spirade and intes¬ 
tinal oanal, remains a thin brown mass, still attaohed to the bed. 
Each moult brings with it charaoteristio dianges in appoamnoe, 
so that the age of the worm is well known by tho experienced 
feeder. 'When first hatched tho worms are such tiny black or 
brown spooks, that they are hardly visible to the naked eye 
when resting on the nut leaf. Their presence can, however, be 
easily discovered if the attondmit breathe upon tho food. This 
is distasteful to tho worms, and they immediately move thw 
heads and bodies from side to aide. This ia a useful method, 
when looking over tho litter after tho worms have been cleared, 
to asoortain if there are many retanlaires. Tho following 
lines show the sizes of the worm—(a) ‘When Just hatched; 

a 


Diagram showing sizes of worma 
at BucooBsiTo ages. 


1 

2 


_ 3 

__ 4 

_ 5 

1, 2, 3, 4, at tho oloae of ita different ages; 5 the length of u. 
full-grown worm just before spinning. 


MUSEUMS: THEIR CONSTRUCTION, 

I ARRANGEMENT, AND MANAGEMENT. 

' BT SAMtIBI) HIOHLBT, r.a.8., ITO. 

III.-IN’r£BNATIONAI, UUSEUMS. 

Construetion, Arrangement, etc. —At the International Exhi¬ 
bitions of 1851 and 1BC2, the exhibits of eaoh country wore 
arranged in separato “ comrts,” the various objects being grouped 
in these under classes and sub-classes, according to a recognised 
scheme of classification. Though well adapted to meet the 
national pride of overy country, and tho natural feeling for 
pomp and display, such an arrangement proved eminently 
inoonvoniont to all earnest studouts who wish^ to oomporo the 
natural products or manufactured articles of one country with 
those of another—^having to toil from one point of tho building 
to another far distant, often to waste valuable time in searohing 
out a partioular object if it happened to be in a small ool- 
leotion, and always with tho drawback of having to carry in 
the mind’s eye the quality, style, eto., of the sample with wMoh 
oomparison was to be m^e. Under such an arrangement of 
exhibits it became a matter of necessity to go over the ooUeo- 
tion of every country, and make a tour of every court, in¬ 
specting objects in wMcb one took no interest, to make aura 
objects sought for had not been overlooked, so tluiit in the case 
of a provincial or foreign visitor making but a limited stay at 
the seat of an exhibition, it became impossible to make a com¬ 
plete and satisfactory examination of any olasa of objects in 
which bo took a studious or oomraeroial interest. Beyond this, 
tho distribution Of space, to meet the requirements of gr«it and 
small ooontrios, tho exigenoios arising from the exhibits of some 
countries falling short and others exceeding the spaoe oalou- 
lated for, leads to tho ground-plan of exhibitions so arranged 
becoming unmetbodical, unsystematio, and difficult to compre¬ 
hend or follow. The experience thus gained mode it evident 
that a simpler system for distributing the exhibits of inter¬ 
national contributors was a necessity if such eoUeotions were to 
serve the purpose of study, as well as those of mere display. 
Consequently, in the official programme for the Exhibition of 
1871, wo found it announced that “ The arrangement of the 
otgerts will he according to elaedie, and not, Oi in former 
International HxhiHHons, according to nafionaUtiei,*’ Unfor¬ 
tunately, this palpable move in the right direction was never 
properly carried out, except inthepiotore-gallerieB, departments 
for machinery in motion, and new scientifio inventions, nor were 
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fhe vam gaUezin adapted foe oanying out the proposed 
aenagement, as the rooms deroted to adocatixmal applianoes 
and poroelaiii, eto., were only large eaongh to hold iihe British 
eshibite, and would not hare been large enough for that purpose 
they been fully represented. Thus the Sduoational Depart¬ 
ment very imperfeotly represented the appliances in use in 
Groat IMtain for teaohing, especially in the seetion for Scienco 
and .Art, many weU-knovm firms being entirely unn^roseutod, 
while others only exhibited just enough to give their names a 
place in the oatalogno. This is to be regretted, as a complote 
collection of the educational appliances of all nations arranged, 
as proposed, in one class, would have formed a most valuable 
and instructive collection; whereas the 
foreign educational ooUectiona had to 
be hunted out in varions ports of the 
building, though the ofiicird catalogue 
led one to look fur them ooUectod 
together in one gallery—an opportunity 
lost, which, ocoording to the orrango- 
monts laid down by Her Majesty’s 
Commiesionors for the annual exhibi¬ 
tions, will not present itself again for 
ton yeare to come. 

Ifpiactiea) ezitcricnoo has taught ns 
that the arrangementu in past English 
exhibitions have provud dofeetivo, on 
the other hand, wo have learnt a lesson 
as to what proved oiiiiiiently effective 
and beautiful in the constructive de¬ 
tails of such buildings ; for who that 
visited the Great Exhibition of 1851 
Oivn ever forgot Paxton’s Crystal hive, 
suggesting a design begotten in a 
dream of fairy-land; a palace framed 
of spider’s web, the intcrlocings fiUod 
with entangled films of dew; or the 
overpowering feeling a glanuu down 
the endless vista of that magnificent 
nave never faded to prodnee, a vista 
dotted with many a trophy of soience, 
art, and uonufaetures; extending ap¬ 
parently to infinity, typical of the broad 
rood that Uos before inquiring man— 
a road that must be followed slowly, 
patiently, and with never-ending tod, 
but tod that never depresses, for the 
way is bathed in a golden flood of 
heaven-bom light, and the heart wiU 
bo lightened by a foregone conviotion, 
that, however small a portion of that 
rood con bo traversed, there roust bo a 
proportionate gain, for it leadoth to 
an increase of knowledge;—^who can 
have traversed that crystal vault with¬ 
out bearing away an undying rocoUeo- 
tion of The Amaaon, The Mourners, The 
Btuttj/ardt Morses, The Greek Slave, 
the glorious roll of tho huge organs, 
or the harmonious blending of colour, 
form, and light ? If over there was 
an embodiment of the poetry of archi- 
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teoturo, it was in Paxton’s Hyde Pork edifice. Tho building of 
1862 was wanting in grandeur, and was deficient in light, and the 
aonlp'bnres grouped in the nave wore mostly hemmed in with in- 
oongrnoas objeots. In the gaUeries erooted for the propos^ 
annual exhibitions, the space seems to be too much out np to 
allow of the rule for the exhibitors of all nations of a given 
olaas of objects to be arranged in one unbroken series, so 
(ae in 1871) there must be a return to the systom of national 
oonrts and annexes. Provision for tho pageantry of opening 
oetemonials, etc., oonnoutod with the exhibitions is nttei^ 
nnprovided, though it woe a natural ccnobision that tho 
Albert IDdl—^the finest Ipiilding since tlio days of tho Roman 
OoUseum for holding large assemblages of spectators—so closely . _ 

oonneoted with tho galleries, would have beoi employed on such ! in other clasB-gallorios ; the idea of forming national Courts 
Oooosiona. Tho Horticultural Society’s conservatory proved ‘ for exhibits of varied choxoctor, such ae wo saw in tho French 
quite inadequate as to apace for the purpose of the opening Annexe in 1871, being ignored, system of arrangement 
oeremon^ of 1871, and the prooession through the piotnro- will bo made oleu by the annexed diagram (Fig. 1). 


galletiee utterly nnimpoaing ae part of a state ceremonial, for 
the eye had no opportnniiy of taking in more than infinitesimal 
portions at a time, to say nothing of the lopsided, unaymmotrical 
aepeot produood, through only one side of the rooms being de¬ 
voted to the passage of the official walk ronnd. The absenoo of 
music during this progress was another serions shortcoming. 
In the oonstmotion of a building to meet the requirements of 
any future International Exhibition on tho scale of the English 
and French displays between 1851 and 1867, it will be obvious 
that provision sbonld be made for a grand eentiwl Im-H fnUy 
lights from above, wherein could be grouped the sculptures, 
tho trophies of scienco, manufactures, and characteristic pro¬ 
ducts of the various countries, em¬ 
bedded in a background of natural 
foliage, surmounted by the banners and 
armorial esoatoheons of tho nations of 
tho world, to reproduce tho covp d'oeil 
that proved so eminently effootivo 
under Paxton’s glorious nave, to which 
tho harmonious colouring of Owen 
Jones added not a littlo. In a hall 
of sneh progortionB there wonld be 
ample space for the proper display of 
tho pomp and pageantry of state cere¬ 
monials, with their attendant proces¬ 
sions, and for the suitable disitibution 
of powerful mnsioal instruments, such 
as organs, eto., over so vast an area, 
to inrovido against a lepotition of the 
palpable shortcoming of 1871; for a 
procession without the accompaniment 
of stately march mnsio always proves 
spiiitlUSB and tedious, and appears as 
incongruonsas playing “Hamlet,” and 
dispensing with the part of the Prince 
of Denmark. It is also obvious that 
the gcnorsl plan of tho building should 
adapt itself to a scheme of arrange¬ 
ment that should bo simple of compre¬ 
hension, and allow of objects of a 
similar obaraoter being brought toge¬ 
ther for oomparison under cuassrs, 
without separating indifidual oontri- 
bntiona fxom tbk coontby to which 
they pertain—an arrangcnient such that 
a visitor could, at will, examine a class 
of objeots contributed by all tho exhi¬ 
biting nations, or only tho oolleotivo 
contributions of a single country to a 
given class, and that within the range 
of one gallery, and without saorifioing 
national prejndioea. Such a problem I 
attempted to solve in 1862, while expe¬ 
riencing the incouvenionoo of the hig¬ 
gledy-piggledy distribntion of scientifio 
objects in that year’s Exhibition, and 
discussed in the first of a series of 
critic^ artiolea on “ Tho Photographie 
Apparatus and Appliances at the In¬ 
ternational Exhibition,” in The British 
Journal of Photography VoL IX., page 
331, and I believe my scheme would be found to meet all the ro- 
quiromonts. On each side of the oentral hall as many galleries as 
there are classes should be symmetrically arranged, extending, 
like parallel streets, tho entire length of the building, but inter- 
sooted at oonveniont intervals by passages, to fac^itato easy 
communication between one part of tho building and another— 
a matter of tho utmost importance. 

Each ('lass QeMenj should be subdivided according to 
nationalities, and the spsioe allotiod to each nation should be 
just sufficient to contain its exhibits belonging to that par- 
tionlar class. So that each Class Qallcry would bo qpite indo- 
poudeut of those adjoining, and bo arranged without reference 
to tho space or exact locality any nation’s exhibits might occupy 
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THE TBOHEIOAI. EDHOATOB. 


TECHNICAL DEAWINQ.—LIIL 

OOTHIO 6TOKSWOBK. 

FOXVnD ABCHiB — TBANBITIOM DOOBWAT — BOXOi ARD 

nuja. 

It Iws already been said tlta>t pointed arebea were introdnoed 
dozing the latter part of the twelfth oentnry. Before ite oloae 
they were need in nuuiy varietiea of form, from the baiely- 
polnted or low “ drop " aroh to the aonte fanoet. IHg. 46B ie a 
fbanaition doorway te the north wall ef the mine of St. John’a 
Priory, Chester, in which will be eeen not only the pointed 
aroh, hot the square abaone, to the now eh a ftle ea oapitals. 


with the joining edges rounded off so that the flUet mergea 
gradually into the rc^ as shown in Fig. 471. 

An example of the manner of plaoii^r this monldiag la the 
Trmiaition style ia given in Fig. 472. 

THB BABLT BKOUSa FBBZOD. 

This style, the first of the pointed arohes, may, in general 
terms, be oalled the thirteenth oentnry style, extending, on the 
whole, as it did from about 1180 to about 1800, inoladlzig part 
of the reigns of Henry II., Biohard I., John, Henry IlL, and 
Edward I. 

Ihe arohiteotnre of this period is exoeedingly beautiful and 



37g. 409 is an enlarged seotion of the aroh-monlding, from which 
it wilt be seen that the tegular oharaoter of the Beveral orders 
was still retained; but the mouldings out npon them became 
note varied and numerous, and eevmal new forms were intro* 
duoed. In this figure the first order is plain, with the square 
edge; the seoond has the simple Norman edge-roll; but tho 
third is of a more omnplioated cbaracter. The edge-roll has 
tioo hollows on each sido, and the second has the sharp indented 
line oarried round it.- 

Tho most important form, however, introduced during this 
period of tranrition was the “roll and fillet," a molding 
which oontinned to hold a leading place in the combinations of 
all tho succeeding stylm. H may be described as a narrow 
baikd or fillet, aet fiat upon the fhm of the common oylindrioal 
roll or bowtell. In the earlier axamplas it is mostly set squmra 
npon the sound member, ae in Fig. 470 ; but it ia often found 


chaste; simple and elegant in design—excellent and delicate 
in execution; equally applicable to the modest village church 
pad the noble abbey and cathedral; remarkable in the one for 
its nnobtrusive simplicity, and in the other for its solemn and 
msjestio grandeur. 

“Nothing," says the Bov. J. N. Hutchinson, “ could bo more 
striking than the change from Norman to Early English. Tho 
two styles were the complete opposites of each other. The 
round arch was replaced by the pointed, often by the aonte 
lancet; the massive piers by graceful olnstered shafts; the 
grotos^e and mdely-sonlptured oapNols by foliage of the most 
exquisite character; and the heavy lylindrical mouldings by 
bands of deeply undcront members." 

The most generally used arches at this period were the 
aontely pointed, either lancet or equilateral. As a rule, the 
arches are comparatively more aontely pointed in cathedrals and 
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the l«gar ohnreliM, wbilat tiie obtnae aagles «re most fte- 
qaemtly naed in th« ■mnllor dhnrohea. 

The Mmi-oiroular aroh hnd not entirely gone out of vogue, 
8j)d at 'Wliitby Abb^, and in other examples, we find it com* 
bined with the point^, two or mote (rf the latter being some* 
times inolnded nnder one of the former. There are also examples 
in which the semi-oirottlar form is used alone. The soffits of the 
arobes were, in the larger examples, tiohly moulded with a 
series of rolls and hollows in a manner whioh will be more 
explioitiy referred to further on, but in buildings of a less mag¬ 
nificent character they were 
merely recessed in orders, the 
edges being simply chamfered. 

The dripstones over doors 
at single windows follow the 
form at the aroh; but whore 
the windows consist of several 
separate lights—that is, where 
each window is made up of 
several others placed close to¬ 
gether—the dripstone forms a 
sort of gathering arch over all. 

This seems to have led to the 
introduction of tracery, the 
progress of which will be illus¬ 
trated presently. 

The doorways of this period 
are very frequently furnuhed 
with nook-shafts, whioh arc for 
the most part detached from 
the walls, except at tho capi¬ 
tals and bases. Tho moro 
simple doorways have only one 
shaft on either side, support¬ 
ing an arohivolt of a few bold 
mouldings. Moro elaborate 
specimens have two or more 
shafts on either side, and a 
greater number of mouldings 
in the arch. 

Tho jamb is recessed in order 
to receive the shafts, and the 
spaces between the mouldings 
or their hollows are often filled 
up with an ornament called 
“the dog-tooth”—a leading 
type of tho stylo—or a run¬ 
ning pattern of foliage. A 
beautiful specimen of snob a 
doorway may be seen in the 
mins of Valle Craois Abbey, 
near Llangollen, North Wales, 
where there is also a fine three- 
light window of a very large 
else, three lancet-headed lights 
being gathered under one 
dripstone. The doorways of 
the larger straotures are 
mostly divided into two arched 
apertures by a simple or clns- 
tw^ shaft, whioh is often of 
polished marble with richly- 
oorved or moulded capital. The 
arches are also foiled or foliated, the spandril between thorn 
bting perforated in drcles, trefoils, etc., and sometimes filled 
with foliage or groups of sculpture. 

The doors themselves are either plain or covered witii iron 
scroll-work, and sometimes with hinges, whioh are often of a 
very ornamental character, altiiongh at other times nearly plain. 
An exodlent specimen of such iron-work exists on the doors of 
a vestment-closet in one of the small chapels in Chester Cathe¬ 
dral, and in the Chapter-house, York ^nster- Very fine orna¬ 
mental hinges, covering almost the whole door, may be seen at 
Eaton Bray Chnrali, B^atflshire, at St. Mary’s, Norwich, etc. 

BABIiT XKOUSH WINDOWS. 

One of tile most intereetingbiaDobea of the study of Gotiiic 
ubhiteetare is that oomieotsd with tiW histray and progress of 


windows, mrking as it does the gndnal development from 
the most simple forms to tiie culmination in the grand tracery 
whioh ohoraoterises the windows of the next period; the in¬ 
crease of size and falling off in the graceful forms in tho subse¬ 
quent style; the flattening of the arch and consequent diminu¬ 
tion of the tracery; and, finally, the decay of the whole system. 

The windows of the style now nnder out consideration are, 
far the most port, long and narrow, with aontely-pointod beads 
(Fig. 473). The earliest and simplest form is that of a long, 
narrow, single light with arched head, and without moulding of 

any kind, either internally or 
extemally, the exterior angle 
being merely chamfered, and 
the interior widely splayed.* 
Such windows were sometimes 
without any weather-mould¬ 
ing, but occasionally a atring- 
oonrse was carried from ono 
window to another at a level 
with the springing of the head, 
and then lifted over it, adopt¬ 
ing its form, and then carried 
on to the next aperture. As 
the period advoao^, these win¬ 
dows were placed near each 
other, in groups of two, three, 
five, or more, the first being 
usually found in the sides of 
ohurohos, and the latter at the 
east end, except in very largo 
buildings, where it ia found in 
all positions. It has been 
mentioned that where windows 
of more than one light were 
employed, it was a common 
praotioe to include them under 
onodripstone.theheadof whioh 
was left plain. Snoh a window 
is shown in Fig. 474, and from 
this it will be seen how tho 
introduction of trooery beoomo 
neoessary for the beauty and 
lightness of the form. 

The next stndy is a view of 
a two-light window from the 
north aisle of Stoke Pogia 
Cbnroh, Bucks, drawn to soale 
of i inc^ to tho foot (Fig. 475). 

In this example the plan is 
to be drawn first, and the jambs 
and muUions ehonld then bo 
projected by perpendiculars 
drawn from the plan. The 
arches are rather lower tiuui 
they would be if the distance 
from tbo springing to the apex 
were tho same as the width of 
the lights. The centres there¬ 
fore fall between the spring- 


In this illnstratiMi it will 
be seen that the dressings of 
the window are tooled, whilst 
the wall ia of oonrsod rubble, atreagtheaed over the window 

by a relieving aroh. , « , , , 

In drawing tbo various examples afforded by our present 
series of illustrations, ooro should be taken to render the work 
as sharp and clear as possiblo. The etone-work and the shading 
whioh it exhibits will be rendered beet by a steel pen charged 
with Indian ink. 


• Chamftr, Splay.—Both these terms mean euteing sway thf ed^ of 
anything whioh was originally right-angled, so that instead ofan 
edge, a Slanting eurfaoe may he presented. A chamfer diffore tram a 
splay in being emtllsr, and naunlly ontUng off equal portions froni 
eitber side. It wfll he understood that by splaying tte in w sides of 
narrow windows, the rays of light were permitted to spread, and thus 
ths interior was batter lighted. 



Pig. 476.— TWO-UOKT WINDOW PBOM THE NORTH AI81,X OK 
STOKE POOIS CHURCH, BUCKS. 


mgs. 
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THE ®BOHNIOAL BDUCATOB. 


NOTABLE INVENTIONS AND INVENTOBS. 

Xmi.-rTHB HABQUIS OF WOBCBStEB ABD BIS 
mOENTUBY of INTENTIONS" (contiwwd). 

BT JOHN TIKB8. 

Tax *' Contniy of InTentiona,” by the Marquis of Worcester, 
has been described as “ an amazing piece of folly ” by a fejr 
shallow persons. It contams tibe description of one hundred 
inTantions, of which those relating to the Water-commanding 
Engine hare been described. Mr. Partington, in his edition of 
the " Century ” published from the original MSS. in 1825, in 
an able series of notes, shows the practicability of the major part 
of the hundred inventioBs, and tho application of many of them, 
under other names, to useful purposes. We quote the list of 
inrentions, with such portions of certain of the notes as the 
space at our oommand will allow. 

1. Seals, npon any of whioh a man may keep accounts of 
receipts and ^sbursements, from one farting to one hundred 
nillions, punctually showing each ponnd, shUling, penny, or 
farthing. By these seals, likewise, any letter, though written 
hut in Englii^, may be r^ and understood in eight different 
longut^es. ']^e principle is, “ A frame similar to those in 
whioh seals are generally mounted, and moyable circles made 
to slide within each other on one common centre. If three ore 
«mployed, they should be engrayed with the numerals, the 
alphabet; and, if intended for secret writing, tihe third circle 
may be furnished with arbitrary signs. Those, by means of a 
key, of which both the corresponding parties must possess a 
duplicate, may be combined to form the day of the week, month, 
year, etc.” 

2. Seals, private and parUeular to each tnoner, tho decipher¬ 
ing depending on the smallest yariaiion of tho key. 

8.‘ A one-line cipher. 

4. Jtedneed. to a point. 

5. Varied significantly to all the 24 Utters. 

6. A mute and perfect discourse by colours. A telegraph 
which must haye nearly resembled that in use at the present 
I>eziod. 

7. Telegraph by night, rockets or refieoting lamps being sub- 
atituted for painted boaids. 

8. To level and shoot cannons by night as well as by day, 
without a platform or measures taken by day. 

9. A ship-destroying engine, portable, to be fastened inside 
the greatest ship, and at any appointed day or minute, day or 
night, it will sink that ship ; it being merely necessary to con¬ 
nect a gun-look with a common bomb-shell, fitted in the usual 
manner, and a small clock attached, which will at any given 
time discharge the look, and cause tho shell to ocplode. 

10. How to be fastened from aloof and wider wafer. This 
engine resembles Fulton's torpedo. 

11. How to preuent and safeguard any ship by day or night. 

A strong net is to be kept at the required distanee from the 

veesel by floating bnoys; npon the upper extremity of each 
bnoy is bed a b^, which, by its ringing on a certain night, 
discovers the approach of any hydrostatic vessri; and should 
tiae weather be etormy, the attmpt must end in the deatmotion 
of the submarine Toyagers." <. 

12. An unsiniabU ship. A way to make a ahip not possible 
to be sunk, though ehot at a hundred times between wind and 
water by cannon; and should she lose a whole plank, yet, in 
half an hour's time, she could be made ae fit to eail as beforo. 
l%s hull cS the vessel to be composed of a number of small 
divisions, when it will soaroely bo possible to sink it, espeoially 
it a riieet well prepared with oakam be dn>wn under the vessel 
in the event of a fracture, as the preasure of the water on the 
veeari'a surface will force the oanvae into the «*a«m | a method 
long adopted in the navy. 

18. False destroying decks, to kill and take priaonera board¬ 
ing the ahip, witho^ blowing the real decks up. 

14. Multiplied etrangih in little room. How to bring aforee 
to weigh up an anchor, or to do any forcible exploit in ike 
narrowest or lowest mom in any ship, where few lumds shaD do 
the work of mmiy<-%y on en^s ootew or worn, to remahi 
stnUonary at any point. 

15. A boat driving agcAnit wind and tide, whioh, Ikongh 
direotty opposite, sl^l fores the skip or boat against itself. 
TUs is d<^ by a globnlar windmfil sneted in the oontre of a 
ship, for taming two wheels or paddlss placed on the bowt. 


whioh would impel the vessel forward in any direotion that 
might bo required. > 

18. A sea-eaetU or fortyieation, eannonproof, to.oontun 1,000 
men, yet suitable to defend a passage, or, in an hour's time, to 
divide itself into three ships. Bomb-proof battmiea were used 
by the Spaniards in their attack on Gibraltar, in 1782; they 
resisted the shot and shell, until General EUioi^ red-hot balls, 
burnt through the outer layers into the hold need as a de- 
poaitoiy for powder, and thna destroyed this immense flotilla. 

17. Floating gardens upon the Thames, with trees, flowers, 
banqueting-honses, stews for fishes, delioate bathiiig-plaoes, 
mnsio mode by mills, etc. The floating pleasure bath, moated 
near Westminster Bridge, was supported by empty casks; and, 
says Mr. Partington, “ this plan, if assisted by mooring^diains,, 
may be applied to gardens of any reasonable extent, even in the 
broadest and most rapid extent." The llexioans formed their 
floats by first plaiting or twisting willows, with roots of marsh 
plants, and npon this foundation they placed mud and dirt 
drawn from the bed of the lakes. 

IS. An hovr-glaes fountain, of which, when the npper division 
is exhaused, the lower may be elevated by a crank or lever, the 
flnid passing through the centre of its axis. The Marquis stetes 
that the water may produoe snow, ice, thunder, and the singing 
of birds, but how is not explained. 

19. A coach-saving engine, within a coaeh, whereby a child 
may stop it, by unloosing tho coachman and horses. 

20. A balance water-work, to bring np wator by ita weight 
within the bnokets, whioh counterpoise and empty ikemselvM 
into one another; ike uppermost yielding its water, at tho same 
time the lowermoat takoth it in, though it be a hundred 
fathoms high. 

21. A bucket fountain, to roue water with two buckets only, 
without any other force than ita own motion. 

22. An ebbing and flowing river, to work with a child's force. 
Bogaerts’ canal-look efiects this object, in which a small por¬ 
tion of water assists in displacing several tons of tho same, and 
there is no doubt bat a chiles force would raise double the 
quantity of water desoribed by the Marquis. In the model a 
weight of seven pounds was made to raise 10 owt. of water more 
than fonr feet in a few seoonda. 

23. An ebbing and flowing castU dock, showing the honm, 
minutes, and seoonds, and the motions of the heavens, and 
oounter-libratiou of the earth, aooordingto Copemions. Tho 
Marquia'a astronomical moehino must bo provided with two 
barrels, each with suffioient maintaining power for ike oorreot 
performance of the whole. In addition to the supporting line, 
each barrel bos a revolving pnlley, with okains passing over 
their axes, and attached to wood floats, altemately raised or 
depressed by ebbing and flowing of the tide, and tkua winding 
up the olook. 

24. A seTfjinereasing spring, so as to shoot bombaases and 
bullets of a hundred ponnds weight a steeple height, “ admir¬ 
able for fireworks and astonishing of besieged cities." Upon 
this, Mr. Partington notest "The strong^ of a compound 
spring formed of two metals may, by the application of heat, bo 
increased to any given power." Rationale: bon possessing an 
ei^ansivo power X, and bracia being only the weaker metal 
will bo bent by that whoso power of expansion is greater, and 
the impulse of the spring increased in equal ratio. 

25. A double drawing engine for weights. " How to make a 
weight that cannot take up a hundred ponnd, and yet shall 
take np two hundred pounds, and at the aelf-shme distonoe from 
the oentre; and so, proportionally, to millions of pounds." Mr. 
Partington considers tl^ paradotdoal and nnsoieBtifio, and re- 
^r^ it as ona of the maresls whioh brought the whole 
“ Centniy " Into disrepute. 

26. To and fro lever. To raise a weight ao wril and an 
forolbly with the drawing book of the lever os irith the thrust¬ 
ing it forwards; and by that means to lose no time in motion or 
strmgtk. This tke Marquis saw in the Arsenal at Venice. 
It ie the mere ap^oation of a oralik. 

27. A most easy level draught. A Weight ottodhed to an 
ordinaiy crane. 

28. A portable bridge. The appamtus, to bo attadhed to the 
brake of a rivw, oonsists of two ropes or wiren, tightened by a 
windh, on whioh slide pnlkys oonneoted with a large floating 
tank o? wagon. The oomBwmioation is rfkcted by Miaas <rf two 
ooids batwwn tha Qppotfto banka of fiw ifm. 
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29. X movdbl* fwtifieation, *' to oontaJn 500 fighting men, 
yet, in HZ honza’ time, to be set np and made cannon-proof 
upon the aide of a river, with cannon mounted np<m it." Thia 
Mr . Fartington doea net attempt to elaoidate. 

80. A huhoark to beraiaed in one night, twenty or thiriy feet 
high, cannon-proof, and cannon mounts npon it; with men to 
oTcrlook, command, and batter a town; and with but four 
pieoea to diaoharge 200 bnlleta each hour. Upon thia Mr, 
Partington notea toe efiPeota of highly elastic vapour propelling 
leaden boUeta, by Perkiua'a *' Steam Ghinand these engines 
can discharge nearly 200 bnlleta in one-aizth part of the time 
described hy the Marquis of Woroester in the above article. 

31. BUnd for approaching a castle and town wall and ditch. 
A strong wheel carriage and heavy iron tower, hung round with 
aand-ba^; toe tower to be moved by handles fixed to the axles 
of toe wheels, to be turned at pleasure by those within the walls. 
Nearly aimilar machinea are described by Vitruvius. 

32. A unimraal character, “ methodical and easy to be written, 
yet intelligible in any language; ao that if an Englishman write 
it in EngUah, a Frenchman, Italian, Spaniard, Irish or Welsh¬ 
man, being scholars, yoa, Grecian or Hebridist, shall os per¬ 
fectly understand it in their own tongue, as if they were English, 
distinguishing the verbs from the nouns, the numbers, tenses, 
and oases, as properly expressed in their own language as it was 
written in Englito.” Mr. Partington’s note extends to six pages, 
sketching toe various contrivers of a numerical ehoracter, and 
quoting memoirs of Francis Paeon, Descartes, Becker, Dolgarno, 
Frisichius, Eiroher, and Bernier. But the most remarkable 
work is that of Bishop Wilkins, whoso real character is supposed 
to strongly resemble that of his contemporary, the Marquis of 
Worceater. The bishop explains tho signs which ore to be 
used to denote all the principal ideas, tho relative attributes 
being designated by small strokes added at right, acute, or 
obtuse angles, to the right or left, etc. He admits chief ideas, 
forty in number, under which ho ranges all tho others by a 
series of categories. Leibnitx’a "Universal Language’’ is 
generally known : ho considered his oharactoristic os tho art of 
inventing or judging; he was oonvinoed that an alphabet 
might he formed, and of this alphabet ench words as would 
afford language capable of giving matbematioal preoision to all 
toe Boionees. 

83. A needle alphabet. (See 75.) 

34. A knotted string alphabet. " Thia very ingenioua mode 
of secret urnting,” saya Partington, " is the most simple of any 
suggested by our author. A silk string of considerablo length 
furnishes the persons corresponding with a key, or graduated 
gauge, by means of which the writing will bo rendered intelligi¬ 
ble, Having proonrod a duplicate or corresponding gange, it 
may toen bo oommenoed, ^ of an inch being allowed for the 
first letter, J for too second, ^ for the third, and so on, in equal 
proportions, through toe whole alphabet.’’ 

35. A fringe alphabet. " Tho principle of this and the fonr 
following artiolea,’* says Partington, " is the same as tho pre¬ 
ceding, with thia difference, that in the first, the letters or 
words are formed by knotting too fringe, to which too gaugo is 
afterwards applied; in the second and moat durable way, the 
beads are set to toe required distance ; by too third, toe gloves 
are pieroed or pricked in rows, acoordiiig to toe divisions on toe 
gauge; and by toe fourth and fifth, toe rows of parallel holes 
in a sieve or lantern are stopped at tho required distanoes, and 
the gange applied u Imfore.” 

36. A bracelet alphabet. 

37. A pinked glove alphabet, 

88. A sieve a^habet. 

89. A lantern alphabet. 

40. 4» alphabet by the emeU. Pegs of sandal, cedar, and 
rosewood may bo so varied, that a person writing in toe dark 
win, by toe smell, readily distinguish the formation of words 
and sentences. 

An, d^hdbet by the taste. Immerse on equal number of 
the pegs or beade in weak solntione of sdum, aloes, common salt, 
or any^ other Uqnid whose, taste is auffioiently pungent or 
oromatio to be dirtingniehed yhen dry, on applying toe tongue 
to them tor HuA purpose. 

42. Alptuabet by the touch. By 'toeee three senses, as per- 
fec^, distinotly, and ttnoonfusedly, yea, os' readily as hy the 
■fght. The objeet (says Partington) mogr be tisadily attsdned by 
the use of raised nunwla 1yp« aad toe heavy preesars of on 


iron pen or mallet. A mode of oorreeponding by the touch has 
been suggested by M. Hatty, and by tois means toe blind have 
been fuUy instructed. 

43. Mow to vary each qf these, so that ten thousand may 
know them, and yet keep toe understanding part from any but 
their oorrospondent. This may be effected by changing toe 
order of their arrangement, which can only be ascertained by a 
previous examination of a key chosen for that purpose. 

44. A hey pistol. To make a key at m chamber door, which 
to your eight hath its wards and rose-pipe hnt paper thick, and 
yet at pleasure, in a minute of an hour, shall become a perfect 
pistol, capable to shoot through a breast-plate, commonly of 
carabine-proof, with prime, powder, and fire-look, undiBooVorablo 
in a stranger’e hand. The pipe must, in this case, be formed 
like the sli^ng tubes of a telescope; that next toe wards being 
furnished with a screw at too inner end, eapablo of bolding 
the whole of them together. A small quantity of detonating 
powder being first placed within, toe pipe may bo readily dia* 
charged by tightening of toe screw. 

45. A most conceited tinder-box. How to light a fire and a 
candle, at what hour of toe night one awaketb, without rising 
or putting one's Land out of bed; and the same thing to be a 
servioeable pistol at pleasure. The pistol tinder-box (says 
Partington) may bo readily made to perform toe whole of wbat 
is here described. A bell-rope attached to the trigger will 
suffice to elicit fire, which, communicating with a qniok-match 
or fusee, will quickly ignite and produce the required light. If 
the fire is previously prepared with wood or other comestible 
material, and inflammable spirits sprinkled over it, tho slightest 
spark will throw tho whole into a blaze. Of toe latter qualifi¬ 
cation mention is made by the noble author, a piston barrel 
may easily bo secreted under the tinder. The inflammable air- 
lamp, contrived by Volta, possesses similar properties; a 
stream of hydrogen gas being inflamed by the spark of an eleo- 
trophonis. For information on this subject, see Brando’s 
“ Manual of Chomistiy,’’ Vol. I., p. 240. 

46. An arUJieial bird may be made to fly, whioh way and 
08 long as one pleaseth, by or against too wind, chirping or 
hovering. In toe year 1810, two birds were exhibited at 
Merlin’s Musonm; they performed all toe evolutions desoribed 
by toe Marquis of Woroester. 

47. An hour water-ball may bo made of any metal, which, 
thrown into too water, presently rises from toe bottom, and 
shows by superficies of too water, the hour of too diiy or 
night, just to the minute it showoth of each quarter of an hour. 
“ A metal ball,’’ says Partington, “ graduated on tho surface, in 
toe same manner as toe index stem to on hydrometer, with a 
balance to preserve its equilibrium, must first bo exhausted of 
air, when the water may be made to enter by a small ai>erture, 
and it will gradually siuk till toe vessd is filled; this, if toe 
ball is about twelve inches in diameter, and toe apertnre of a 
proportionate size, will not take place in less than twelve faonrs.’’ 

48. “ A screwed ascent of staire, with fit landing-plaoes to toe 
bed-chambers of each storey, with back stairs to toe nod of it, 
convenient for servants to pass np and down to toe inward 
rooms of them, nnseen and private.” It is most probable (says 
Fartington) ihat the Marquis here alludes to toe geometric 
stairoase now in such genei^ use, with toe addition of a email 
flight of stairs in the centre, in lien of toe common hand-real, 
whioh, being surrounded by a partition of boards, would serve as 
B private oommunioation with too upper storeys; snffiaient space 
being left between too ceiling and upper eide of toe prineipol 
staircase to admit of a passage to the inner rooms. 

49. A M>acco-tonge engine, whereby a man may got over a 
fall, or get up again, being come down, finding the coast 
provetb insoauro for him. By tobaooo tongs is supposed to be 
meant a oombination of levers, jointed together; when by dis¬ 
tending toe lowest arms horizontally it may be made to go in 
toe smaUest compass; wbfle by closing them the machine will 
be elevated. A fre-eecmpe has been constructed upon tois 
principle. 

50. A pocket ladder, fastened a hundred feet high to get up 
by from toe ground. lEiis emisiato of light brMs tobes, each 
having a socket to rective the end of the preceding joint, to be 
raised to any givm height.' 

51. A rule qf gradation^ wldeh, with ease and method, re- 
duoeto all things to a privitoi oorrespondanoe, most naefol for 
■eoret iateUigmoe. (Sm article 5.) 
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PKACnCAL APPLICATION OF THE FINE 
AETS.—VL 

THB ABT OS’ OI>AB3 PAnmKa. 

By P. H. Dsuxoits, Pxotenor ol Biawins, Klng’i CoUefre, London. 
Im FigB. 10 nnd 11 we hsTe progreeiBTe examples of tiie pria> 
oiples that we hare ezponnded b^ore. These are two stages of 
the same work. Note, to begin with, that we give a face in 
which we intend to eonroy the sweetness and expression of the 
old painters, combined with the improred drawing of the nine¬ 
teenth centnry. This is perhaps as important n lesson as we 
can eonroy to the stndent of present day—more rslnable 
by for than any mere direotions as to the meohanioal exeontion 
of the work, becanse it refers to the onltivation of the taste, 
the ednoation of the mind, and the deration of the aim, rather 


be placed on the paper on whidi the ohoieoal drawing has been 
made, and with a long sable brush. No. 8 (Vol. II., p. 804), the 
whole of thepntlineof snoh a design as Fig. 11 may be tra^ in 
with the enamel mixed with water. Thisisoneof theadrontages 
of the glass that the design may be traced through, though it 
be found necessary afterwards to suspend the glassjon a frame, so 
that it may be clearly soonif any parts are omitted, and to oornMt 
I any mistakes or harshness of ouWne that might result from the 
former process. We all know what is the appearance of a 
child’s so-called transparent-slate, and the harsh drawing that 
is drawn thereon. This, of course, is to bo avoided; but at the 
same time the transparency can be made available for getting^ 
in the larger and coarser ontlines. When the result is satis- 
faotory the whole may be loft to dry, and may even be sent to tho 
oven to bo burnt in. It is, however, better to avoid mote burn- 




thaa the instmotion of the hand or the adaptation of tho means. 
There is good in the old and in the new. The ancient aimed at 
elevation of thonght-feeling. In roprosenting a Madonna, he 
would try to suggest notions of purity, of love, of feminine 
delioaoy, and the like; he would wish his picture (or window) 
should be a sermon when no priest was at hand to preach, a 
book to those who knew nothing of letters. At the same time 
be was ignorant of anatomy, he had bnt little knowledge of the 
nude figures; the artist was a monk, not a spectator of the 
gymnastics of Qresk athletes. His knowledge of foreshortening 
was empirical, and atmospheric eSeots he bad no means of 
representing. Consequently, his drawing was extremely bad in 
many good piotnres, and foreground and background were in 
isaxtrioable oonfusion. Knowing bnt vray little on these sub- 
ints, bnt feeling strongly about others, in some respects ho was 
axeeUsat, in others he is far excelled by the modems. 

Fig; 11 represents the first stage a somewhat elaborate 
portion 6t a picture. Naturally more labour ard eare wUl be 
expended upon the hoada in a pioturo than npon any other por¬ 
tico. We have already spoken of oarefnlneea of design; bat 
nuleas there is vary eoitefnl elaboration of the design, the latter 
will be liablA to be spoilt in the manipnlation. The glass npon 
whidthssidsare exaoatedis nsnally smoother, and more free from 
air-bnW>leB, than that intsndad for draperies and other ocarser 
portions. Thm ta o oertsjn latitude, too, of tone; for the 
men a deeper odour wiH naturally be employed than 
far dslioate femala beads. It should be remembered in the 
bboioa of glass, that the ooloW the BMterial should not exceed 

ihatof idle tightest portien of ^ dMga. The gisn nu^f then 


ings than are abeolntely nooeaBary, and the most satisfactory 
gloss generally is that which has been burnt but once. 

The first outline being fixed, we go on to the additional shading 
in Fig. 11. Down the right-hand side of the face the slightly 
curved lines marked A are intended to represent a smnd^, or 
stipple shading, which is laid on with one of the larger oomd’s- 
hair brashes (No. 1 ),and then dabbed with tho point of ahog's-hair 
tool (No. 8). The deeper outlines will be a guide for a good portion 
of this work, but some will have to be shaded off. This latter 
prooesa is beat acoomplisbed by carrying the riiade a little 
beyond the place at which it is intended to stop, and then when 
it is dry rubbing off a portion with No. 3 or 4. It will be observed 
that the shade spreads not only onthe faoe and neok. but aloo on a 
portion of the hair—that part, namely, nearest the face and neok. 
Tho Btraight horizontal linos, b, across tho hair and top iff the 
dress sTe intended to repreaent a yellow stain, whioh has to be 
applied to tho glass independently of the ensr^ shade; bnt it, 
should be put on before the first burning. ^Iiis may be eSeoted 
by putting tho silver on the back of the glass whilst tiw enamel 
is on the ^nt. 

When this has been completed, it will be found advisable 
probably to deepen some of the outlines, and to make the tinea 
of the hair and drapery bolder, and betiw defined. This may 
be done with the oxide mixed '^th oil or turpentine. It must 
be remembered all tiirongh that the oxide is apt to oome out a 
little less dark than it appears before it goes into the oven; bnt 
that, on the other hand, tte shading on the fleeh and other tight 
portione is miMh more pero^tible than on the dader and 
debper oohmrs, and therefore uosld be kypt tighter. 
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SHIP-BUILDING.—V. i 

BT W. H. WHITS, j 

Fallow of tba Boyal Sobool of NotiI AroUtaotora, aad Uember of the 
Inatitntioii of NaTal ATohiteota. 

THE PBAMINO OP WOOD SHIPS. 

Ih Mjoordasoe with tlie intention previonaly ezpregaed, we will 
now begin oar examination of the etruotaral arrangementa of 
■hipa at the framing, afterwards passing on to notice the skina 
and deoks. In order to economise space, we shall deal briefly with 
the arrangements of keels, stems, stern-posts, and other pieces 
olosely oonneotod with the framing, while speaking of the latter. 


“ timber and space, ’' and this distance would be fixed in the specifi¬ 
cation of Uie ihip. The origin of the term is obTione, seeing that 
the timbers of the frame do not touch those of the filling-frame, 
a " space ” or “ opening ” being hrft between them. Taking the 
frame first, it is seen to consist of a “ floor,” which oroaaesthe keel, 
and has arms of oqnal length, ending on either side at the “ floor- 
head ” (marked f u in the %are). Upon the butt or end of 
the floor is fixed another timber, known as the “ second futtook,” 
and ending at the second head (marked 2 B); and upon this timbw 
comes another, named the “ fourth futtook,” mding at the “fourth 
head ’ ’ (marked 4 b) ; and so on. The corresponding arrangement 
in tho deration will bo seen under the brocket marked (1). 



Wood ehips have their framoe arranged on different plane, 
but in ell of those the great features ore the same, and tho 
differenoee existing ore comparatively trifling. In all cases the 
ourved frames are each made up of several solid timbers, joined 
to one another by one of the methods illustrated in Fig. C, page* 
but different builders follow different plans in arranging 
the joints, as well as in securing them. lnet<^ of attempting to 
follow out those plans in detail, wo will select a good orrange- 
nunt, and eudeavonr to show -the principles n()on which it is 
based, as well as to point out its distinctive features. Figs. 14, 
15,16 show such an arrangement in section, olevatiou, and plan, 
ud we may add that it iUnstrates the system of framing usually 
followed in the Government Service when wood ships waro in vogue. 

_ On reference to the plan (Fig. 16) it Will be seen that tho four 
IjmbM shown sre bracketed in paire, aad named “ frame ” and 
‘ flUing-ftama” The distance from the centre lines of these 
two combinations is technically termed the “ room and space,” or 


The eeoond set of timbers in the frame consists of “first 
futtocks ” butted near tho centre lino of the keel, and extending 
out to tho “ first bead ” (marked 1 h) ; upon which come " third 
fnttocks ” ending at the “ third head ” (3 h) ; and so on. The 
sides of tho adjacent floors and first futtocks are accurately fitted 
together, and these timbers are fastened to each other by dowels 
' and bolts, so that the floor forms a strap to tho butt of the first 
futtocks. Tho timbers above tho floors and first futtocks are 
not, however, olose-jointed in tho ease before us, and as they are 
of less “ siding " (that is, smaller in tlio fore-and-aft direction) 
than the floors and first futtocks, “ openings ” are left,^8 shown 
in the plan and elevation. It wUI also be seen from the drawing 
that the butts of the two sets of timbers in a frame are ma^ to 
“ give shift * ’ to each other; that is, the butte of one set aro eu 
placed os to bo near the centres of the lengths of adjacent timbers 
in the other eet: the advantage thus gained will be obvious. 

Turning to tho “filling frame," (2) quite another kind of 
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oomtiiiiaition pieeontB itself. The 'bntta of the timbere ere hero 
ten^ “ainnarks” instead of “heads,” end are marked 1 s, 28, 
ana so on. They ore, it wili bo notioed, mode to give shift not 
only to eodh other, but also to the butts of the frame-timbors. 
Degfaming at &e keel, we find a pair of “ filling-floors” oloso- 
jointed to each other; these differ from the “floors” in having 
a long arm on ono side, and a ^ort arm on tho other. Honoe 
they are sometimes termed “ long and short arm floors.” Tho 
long arm of one filling floor is on the same side of the keol as 
the short arm of the other, and the two timbers are fastened 
to each other by cooks and bolts in the parts between the “ floor 
sirmarks” (fb). The “fnttooks," or lengths of timbers, ore 
usually numbered on the principle shown on the plan shown in 
Fig. 16; the first futtook having its upper end at tho second 
sirmark (2s), the second futtook at the third sirmark (3 a), and 
BO on. In tMs particular of nomenclature, however, no uniform 
jrnle is foUowed, and it is really a minor matter. 

The olovation in Fig. 15 shows that on tho line drawn through 
any partionlar head or sirmark there aro always found three 
passing timbers between consecutive butts, and the arrangement 
desotibed above of altenmte frames and filling-franies is adopted 
in order to seonro this result, and at the same time to assist the 
oonvernon of tho timbers. Formerly in tho Government service 
it was, and still in the merchant servioe it is, the practice to 
have frames only, no filling-frames being fitted, and as a con- 
sequenoe only ono passing timber is found between consecutive 
butts on any “head-line.” In some oases this disposition is 
carried out on the basis of the “ floor and first futtook” com¬ 
bination, and in others on tliat of tho “long and short arm 
floor” oombination, with minor modifications that need not 
be desoribod; but in aU oases it is desirable when this plan is 
followed to havo good lengths of timbers in the frames, in order 
to seonre good shifts of butts in adjacent timbers. 

In oomiiating an arrangement l^o that in Fig. 16 with ono 
whore no filting-frames ore used, it is neoessary to remomber that 
the timbers of tho frame aro nut easily proonred, beoausoof tboir 
size and curvatnre, and that no single sot of timburs forming a 
oontinuoas “ bend ” from keel to gunwale (like that shown in teo 
section) has in itself the power to maintain its form. The first 
oonsidoration is one connected with what ship-builders term the 
“ conversion ” of the material—in other words, its shaping from 
the rough log, and it is a most important one; and as the floors 
are the most difficult timbers to procure, it appears probablo 
that from this point of view the arrangement of Fig. 16 is prefer¬ 
able, beoauBo it is easier to convert long and short arm lloors 
than floors with arms of equal length. Besides this foot there 
is another which has to be borne in mind—viz., that the provision 
of three passing timbers between oonsooutive butte instead of one 
renders it possiblo either to reduce the lengths of the individual 
timbers while retaining the same amount of strength in the 
framing, or, keeping the same lengths of timbers, to add to the 
strength of the framing. In foot, an intermediate oourae may be 
fallowed if desired, and advanta^ gained both as respects ease 
and ohoapness of conversion and etrength. Greater freedom 
in mokiag his anangements of tho futtooks is nndonbtodly given 
to the bi^or by the more recent plan; and the fact that it has 
mtiraly enpplauted the other in the Government servuio famishes 
valnsble support to its claims to euporioiily. 

Oonsidoring the strength of a set of timbers, like those shown 
in the seotion in Fig. 14, to remst obange of curvature—and ex- 
oluding for the time aU the aid given them by the skin and other 
parts of the finished structure—^it is obviously but small; no 
matter whether the timbers have square butts with dowels (as 
shown by 1 in Fig. 6, page 29), or angle-(fliookB (os shown by 3 
in that figure). The former plan, it should be stated, is now 
almosi onivernlly adopted in tho wood ships of tho Boyal Navy, 
while the lattw is often used in merchant ships. Bcaifs, like 2 
in Fig. 6, ore only used in special cases: for example, where it 
is deaiied to give great strength against strains in the direction 
of the length of the timbers, suoh as ooonr in wake of the diain- 
plates to which the ehronds are secured. But while weak when 
taken alone, the “bends ” of timbers, when well oombined with 
those adjacent to them, oan be made oomporativoly strong, and 
o a yM e of maintaining their form. One of tho means adopted 
fot oonneoting the frames, and enabling them to give mutual 
aid, eontists ^ the use of what are termed “ frame-bolts,” of 
wbkh'onamplM are shown by/,/, in the elevation in Fig, 15, 
ThiMt hdUn an generally of square iron, and are driven fon 


and aft through two or mote timbers, being placed so oa to 
clear the skin-fastenings as much aa possible. In the case 
illnstrated, the heels of the timbem are seonred to the timbera 
on each side of them, while the heads are seeured to one of the 
adjacent timbers, usually to the other timber of the frame or 
filling-frame. Near the upper ends of the timbera the frame- 
bolts are longer, and form a tie to a greater nnmber of timbers. 
In ordinary merchant ships it is eustomaty only to make the 
frame-bolts pass through the two timbera of a frame, and not 
to make the connection extend to adjacent frames, except in 
special cases. The difference between the two plana of bating 
is not of very great importance, but the advant^e undonbtedly 
lies with the plan which ties most timbers together; this is 
termed “ fhain-bolting.” 

To develop the strength of the framing to the fullest possible 
extent, the timbers of the respective frames and filling-frames 
must, however, be directly connected to each other. The older 
plan, still followed by tho French, is to fit the timbers of the 
respective frames with close joints, and to oonneot thorn strongly 
by moans of dowels and bolts, just os tho floors and first futtooks 
aro usually secured. This plan, of oonrse, rmiders the openings 
between the adjacent frames wider than they would bo on the 
other system, but this is of little importance, whereas in point 
of strength the framing is muoh improved. Beeently the prao- 
tioe has been revived in this country, and as a proof of its 
advantages it may be stated that frames so arranged can be 
lifted bodily into place instead of being built up timber by 
timber. Of course more work is entailed by tho olose-jointing, 
dowelling, and bolting, but all this work con be dona with 
facility while the frame is lying on the ground, and the advan¬ 
tages gained probably oounterbalance the additional work. The 
butts of ouch timber are then dixectiy supported, or strapped 
by the timber fitted or “ fayed ” against it; and when hoisted 
into pluuo tho frames can, if desired, bo quite as well ohain-boltod 
to adjacent frames as they cun bo on tho ordinary method. 

Little need bo said rospucting tho manner in which tho frames 
ore secured to the keol and keelson. It has already been stated 
that great core is taken to connect the several pioeos forming the 
keel, and a sketch ef tlie kind of scarf adopted has been given 
in Fig. 7, irago 30 (scarf with tabling). From tho sectional view 
in F'ig. 14 it will be seen tliat the floors ui-o “ lot down ” a little 
over tlio keol; tliis being usually done by cutting away the keel 
for half tlio amount, and the floor for tho other half. In tho 
ease of tlio filling-floors a similar plan is followed for at least ono 
timber, but the whole amount by which the floors are “ faced ” or 
lot down over tho keel is usually cut out of the first futtooks. 
Tho latter are butted a little on one side of the middle lino of the 
keol, and by this moons room is obtained to plaoo a dowol in the 
timber in order to seonro it firmly to tho kool. A dowol is also 
placed in tho “ seating ” of ono of each pair of floors, whore it 
crosses the keel; and in tho upper surfaeo of the other filling- 
floor a dowol is fitted to cunneot it with tho keelson, a similar 
oonneotion being mode botwoon each floor and tho koolson. 
Bolts ore also driven through the keelson, floors, or filling-floors, 
and keol to strengthen tho connection. 

Keel, framing, and keelson are thus firmty oombined. Tho 
keol projecting from the bottom enables the vessel to find a oon- 
tinuouB support when building, or when docked, and aids slightly 
in cheeking hex rolling or drifting to leeward when afloat. Tho 
false koel, fitted in two pieces, is only lightly soonred to the 
keel proper, so that it may be easfiy detached without injury to 
the ship if ehe strikes the ground. Stmotorally oonside^, tiie 
keel forms a longitndinal pieoo of the framing, and in thu respect 
it is aided by the keelson, which also is of servioe in receiving 
tile heels of the pillars supporting the deok-beanui. 

The thick planks, marked “ garboards " in the seotional view 
in Fig. 14, deserve separate mention here, althongh they are not 
alsrays, or often, fltt^ in merchant ships. One advantage of 
fitting them will be obvions at a glanoe—viz., that the floors 
required are of leas depth near the keel, and ire less faced down 
upon the keel than they would bo if the same outside form were 
rotainod, and the bottom planking made uniformly ihiok dotin to 
the keel. In addition to this the g^boord strakes are viduable 
aa strengtimningsto the lower port of the ship, being efficiently 
fastened to eaoh other as woU os to the frames and the keel. 

Throughout tho greater portion of tite length of a wood ship, 
the system of framing wonld be identical with that described, 
the only ofaanges being ihoce dvs to alteraiioiiB in the forme of 
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the ttftosTenw MotionB. New tili« bov amd Bt«m, boworer, 
wbeiB tbe ship beoomes rapidly aarrotrar, and ih« water-Unea 
ate <aa ahoirn.by tiie half>bnadth plan in £%■ 12, pa^ 61) £» 
from beinr parallel to the middle line of the ahip, it beoomea 
neoeaaaiy to make oonaiderable chaagea. Inatead of retaining 
the traaBTerse poaition which all the amidahip framing haa, the 
frames are “canted,'* ao that they may stand nearly sqaaro 
to the wator-linoa, and not require muoh “bevelling.’’ 11118 
will be seen at onoe on referring to the sketoh in Fig. 19, the 
drawn lines in which show the section of the canted timber (of 
which the line a 6 ia the “stand’’), and the dotted lines the form 
of section that would be required if the frame stood transversely, 
jdlthough oanted in the transverse sense, the frames remain 
verttoal; in fact, the ohangre of position will be clearly under* 
stood when we say that it ia esaetly that which wo^d take 
place if the transverse fiame shown in the sectional view in 
Fig. 14 wore nn^e to swing round a little about the middle line. 
The amount by which the timbers are canted, of course, in* 
creases as they approach nearer to the extremities; at first the 
departure from the transverse direction would be scarcely appre¬ 
ciable, but at the extremities it would bo very considerable. 

1^1% cant-timbers it would obviously be difSoult to continue 
the system of floors and filling-floors; and it would be practi¬ 
cally impossible to do so when they are muoh canted. For 
example, the plan in Fig. 17 shows that the corresponding 
cont-timbers on opposite sides of the keel, being equally in¬ 
clined to the keel, could only be formed out of a very large piece 
of timber, and that it would bo folly to make the attempt. 
Besides this, there is the fact that near the extremities the 
vortical seotions uf a ship become more or less V-shapod, as 
shown by the section in Fig. 18, so that, irrespective of the 
canting of the frames, it would bo most undesirable to endeavonr 
to make them cross the keol. The ship-builder makes no such 
attempt, but by a vory simplo arrangement provides sufSciont 
strength, as well os compamtively easy forms for the conversion 
of his material. In some eases, one or more “cant-floors," as 
they are termed, are fitted, but their use is not common. 

Where the transverse frames end, or in technical language 
where the “square body" terminates, the space between the 
keel and keelson is filled by a longitudinal timber, strongly 
fastened by dowels and bolts to butli, and forming the com- 
menoemont of the “ deadwood.” Tliis dead wood increases in 
depth as the extremities are approached, and has to bo made 
up of two or more pieces in depth; consoiiuontly care has to bo 
taken, not only in disposing its scarfs (which arc plane) in 
relation to the scarfs of the keel and keelson, but also in 
bolting and dowoUing the various ]iurts in order to form a 
compact mass. The cant timbers heel against the aides of the 
deadwood (as shown in Fig. 18), and arc dowoUed and through- 
bolted to it. As the sections become more and more T-shapi^, 
the heeling of the cants becomes deeper, but in no case should 
a sharp lower edge be left to the heel, and it is usual either 
to fit a “ stepping piece" (marked s in Fig. 18), or to let the 
heels slightly into the deadwood in order to prevent this. When 
the plank ia brought on outside aU, additional fastenings are 
driven in the heels of the oants. 

The disposition of the various heads and sirmarks in the 
aquare frame is carried out also in the cant bodies, where the 
timbers are arranged in pairs oonstituting frames and filling 
frames, with a common centre line or “moulding edge" to 
each pair. FTear the extremities, whore the ship’s form is fine, 
and the girths of the frames are very much less tbut they are 
nearer amidships, it is onstomary to omit some of the butts,* 
and to have what ate termed “ double-futtooks,’’ that is, single 
timbers running between heads or sirmarks, wUch would be so, 
far diatant at the midahip section as to require two timbers or 
fnttooks between them. The lower water-Unes are also much 
finer tiian tha upper ones, and consequently the space to bo 
filled by the lower oant-timbera is mnoh less than that spread 
ever the upper timbers of the same number of frames. 
Hence it is neoesaary to have the lower timbers close-jointed, 
nnd to reduce their siding considerably. 

The oont-frames of th^ fore body extend right forward; 
between the foremost cant and the stem, it is usnal to fit a 
ain(^ timber, called the ^ knight-head," another termed the 
'*'atem-pieoe “ being oooaaionaUy fitted in large ahipe. The 
forsmoat boundary of the atmoture is ^e stem itself, which in 
oaaaa baa eo n aide t aMe oorvatore, and oonaaquently baa to 


be formed out of several pieeee of timber joined by scarfs; 
tiie lower piece being aoarfed to the foremost end of the keel, 
by wbat ia termed a “ boxen scarf.’’ Within the stem, and 
oloaely fitting against it, lies the “apron”—a sort of inner 
stem of which the scarfs are oarefnlly shifted with roapoot to 
those of the stem, in order that the two pieces may mutually 
support eaoh othm. The lower end of the apron ia generally 
Bcarfod to the deadwood, of which it thus forma a oontinuatiou 
aiinilar to that of the keol by the stem. In large ahipa farther 
strength is given to the bow by means of the “stemson" 
fitted inside the apron, and connected with the foremost end,Df 
the keelson. The mass of timbering thus formed is fasten^ 
together by numerous dowels and throagh-bolta; and it ia 
further secured to the framing on either side of the bow by 
means of strong breast-hooks, crutches, etc., stretching from 
side to aide, and bolted to the timbers. The dock framing also 
forma a strong oonnection between the two sides, and altogether 
the arrangomonts made are, in well-built ships, aa satisfaotory 
as they eon be with wood as the material need. It will be seen, 
however, that in iron ships no suob elaborate oombinations are 
required aa the deadwood, apron, stemson, etc., of a wood ship. 

lieapecting the oftor-body, little need be said. The cant- 
frames nsually end at or near the stem-post, although in some 
cases they extend aronnd the stem also. The stem-post of a 
wood ship usually consists of several timbers strongly fastened 
together by tabling and through-bolts. The lower part, or 
heel, of the post is generally connected with the keol by moans 
of mortises and tenons, and by diagonal bolts driven throng 
the deadwood, post, and keel. The upper part of the post is 
soeurod to the counter-timbers, and in some oases to the deck- 
beams also. All these connections axe, however, matters of 
detail, and they dei^nd largely upon the character of the vessel, 
whether she is a sailing ship, a paddle-wheel vessel, or a screw 
steamship. If a screw steamship, she would probably have two 
stern-posts, with the propeller i>laoed between them, and tbo 
rudder hung to the after post; in either of the other cases 
there would only be one post, to which the rudder would bo 
hung. The after-ends of the timbers forming the deadwood are 
tenoned into the x>ost, and a similar plan is followed with tha 
keelson. Sometimes the latter connection is strengthened by a 
stemson, corresponding to the stemson at the bow. Iron books 
and straps are used here also to assist in uniting the two sides. 

The outlying part of the stem abaft the post varies con¬ 
siderably in form, and also in the choraoter of its framing. 
Hnoh has been said and written respecting tbo stem framing of 
wood ships, and it ia a matter requiring care on the part of the 
ship-builder; but it has little to do with the stre^h of the 
sliip as a whole, and therefore only a few words can be said 
respeoting it here. In square-stemed ships, *' transoms ” (or 
timbers lying almost horizontally) are commonly used, in oom- 
biiiation with other vortical or oblique timbers of which the 
sides stand fore and aft. In ships with elliptical stems, the 
stem-timbers axe really “double cants,” their sides lying in 
planes inelined both to the vertical and ^e horizontal. Ia other 
cases, as was said above, the whole stem is framed with ordi¬ 
nary cants. Whatever plan uf framing is adopted, meana have 
to be provided for strongly tying the overhanging stem to the 
main framing. A favonrite means of doing so is by using iron 
riders, or tie-plates, which reach round the stem-frames on the 
outside, and stretch forward over the oant-framea, being bolted 
to aU the timbers they cross. On the dooks also iron tie-plates 
are sometimes fitted, and inside the frames eratohos and hooks 
of various kinds ore placed to strengthen the oonnection. In 
screw steamers especially is it neoesaary to strengthen the stem 
to resist the strains oansed by the propelling apparatus; and 
this object is best aooomplishedby means of iron strengthenings, 
examples d which may be given hereafter if space permits. 

FABMING AND FARMING ECONOMY.—VIIT. 

By FroteBBorWiaaKTaox, Boyal Agricultuml College, Cira^oeater. 

THK GEBEALS: WHEAT. 

Botanists are not agreed as to the original parent form any 
One of onr cereals. Mr. Barwiii, after boldly f^ng this difBcult 
question through several pages of his “Animals and Plants 
under Domestioation,” writes: “ Finally, every one must judge 
for Mmimlf whether it is more probable that the several forma 
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«C vhsKk, haxUijt rja, utd oata met deaoeBded from beinraait ten 
and fifteen epeoiaa, most of whidh Mre now nnlcnown on extinot, 
or wkether they are descended from between four and eight 
apaoiea, which may have either closely resembled onr present 
forma, or have been so widely different as to escape identifi¬ 
cation," Oonld any snmmiag-np be leas satisfactory P That 
wheat has been oultlrated from the most ancient times, may be 
prored from many passages in the Bible, and by eridenoe 
gathered from the lake habitations of Switzerland, where wheat 
was well known when men employed only flint tools. 

According toVilmorin, the cultivated wheats may be oloasiflod 
under seven species :— 

Trilieitm sativum, both boarded and beardless, with many red, 
white, and yellow sub-varieties. 

Triticum iurgidwm, with simple and with compound ears, and 
red, white, or intermediate snb-varieties. 

T. durum, with three varieties. 

I*. poUmieum, oonsisting of one type only. 

T. atnyleum, consisting of ono type only. 

T. monoeoceum, consisting of one type only. 

T. tpelia, with a bearded and a beardless variety. 


T. sativwa embraces all the varieties onltiTated in thin aoaatiy, 
with the exception of some coarse large-yielding sorts known 
as cone-wheats and Egyptian wheat. The number of kin^ of 
wheat is very groat. Uslbret onltivatad dnzing thirty years 
from 160 to 160 varieties, Colonel Le Contenr posseseed npworda 
of 150, and Phillipar 322. The nomber of sub-varieties appears 
oapable of unlimited extension, sinoe not only woh ear, bnteaoh 
groin of special oharautcr is, according to Colonel Le Contenr, 
able to transmit its peculiarities, and originate a snb-variety 
with more or less fixed character. These varieties differ from 
each other in the oolonr, form, weight, or quality of the grain ^ 
the shape of the ear, some being square, while others are oylin- 
drical, compressed (flattened), or tapering; in a closer or wider 
arrangement of the florets; in being bearded or beardless; in. 
the ronghnesa or smoothness of the chaff scales; in the length, 
strength, and hollowness of the straw; in the breadth of tha 
foliage; in habit of growth, some being upright while others 
are more recumbent, and in their hardihood and adaptation to 
peculiar oonditiona of soil and climate. The following tables 
of the principal varieties, with their leading characteristics, con¬ 
tain some of the principal wheats cnltivatod in this country. 


I.—WHITE BEXUDIiESB VJkRlETlEB. 


Xame. 

Ears, er Hoad*. 

Chaff. 1 

Strain. 

Grain. 

Ksmarks. 

Al. 


Rough, ^ 

Short. 

Fine and plump. 


Brodto's. 



Hediom, 

Fine, plump. 


CUddam. 

Square. 


Loug, stiff. 

Short, compact, fine. 

Adapted for BOft„ 





plamp. 

good soil. 

Coneis, 

Square. 

Bough. 


Fine, plump. 


Clnstor, dwarf. 

Compoot, thick. 


Short, stiff. 


For rich soils. 

Bantzio white. 

Hoden^^ ooupact. 

Thin, smooth, 

Tull, slender. 

Oblong, translucent. 

Obtained by Col. Le 



white. 



Couteur. 

Earl Bnoie'a. 

Square. 

Smooth. 

Uedinm. 

Good quality. 


Enez. 

Sm Chiddam. 





F4UatO&. ' 

Square, upper floruta slightly 

Smooth. 

Short, stiff, un- 

Pale, white, round. 

For rioh soils. 


awnod. 


equal in length. 

plump. 


Hollett'a. 

Square beads. 

Bough, 

Medium. 

Flue, plump. 

Improved by selection. 

Hopetown. 

Long, slightly tapering. 

Smooth. 

Long, stiff, white. 

Bright, plump, tions- 






parent. 


Banter’s. 

Tapering to nook and point. 

Smooth. 

Medinm. 

Brownieh, large, elon- 

For medinm and In- 





gated, heavy. 

terior soils. 

Borton’s red stmwed 

Square, long, oloea. 

Bed. 

Strong, reedy, red. 

White, round, plump. 


white. 






Bongcawellf. 

Sm Hnntoi's. 






Compreaeed.taporiog, floreta 


Long. 




wide apart. 





Oxford prize. 

S<a Chiddam, which it closely 

i 




Pearl. 

Very eqnare. [resembles. 


Long, stout, white. 

Heavy, Arm, plump. 

For rich soils. 

Bed chaff white. 

Square, 

Beddieh, smooth, j 

Short. 

Fine. 

For rioh soils. 

Salmon oolonred. 

Tapering, oOmproaod. 

Smooth, 

i Long. 



Suffolk white. 


Smooth, 

1 Long. 



Tolavero. 

i Long, fioretu far apart. 



Long, coarse, trous- 

For good land. 



Smooth. j 

1 Long. 

lucent. 


Trump, 

Square, compact. 


1 Short. 

Fine. 


Velvet, or Woolly- 

Small, close, oompoct. 

Bough. 1 

Short. 1 

Translucent, whitieh 

1 For rich loams. 

eared. 




or brownieh. 

I 


TI.—WHITE BEXBDEI) VXEIETIEB. 


Jfanu. 

Ears, or Btads. 

c Chaff. 

Straw. 

Grain. 

! Bemarlw. 

Csliforniau white. 

Close, compact. 


Short. 

Fine. 


SberrUrs. 

‘ Squat*. 

Smooth. 

Medium. 

Bed. 


in.— EXU BEAEDBEBB VABIETIB8. 

Earn*. 

j Ears, or Rsads. 

Chaff, 

Straw. 

Grain. | 

j Bcmarhi. 

Anstmlian. 

Cylindrical, taporiug. 

Smooth, yellow. 

Fiuei. 

Bed. 


Browick. 

Square, bold. 

Smooth. ^ 

Strong, medium. 

Strong, good. 

For medium and 



1 

1 


poor aoilo. 

BnrwelL 

Compressed, tapering. 

Smooth. 

Longer, j 

Bad. 

For medium ooile. 

Creeping red. 

Tapering, narrow, oylindricol. 

Smooth. 

Long. 

Small, line. 

For poor aoils. 

Golden drop. 


Bed, emootb. 


High in the book. i 


Lammas. 

Cylindrical, tapering. ^ 

Smooth. 1 

Medium. 

Long, flne. j 

For good loud. 

ICoamouth. 

Square, bold, slightiy taper- 

Smooth. ' 

Medium. 




lug. 


1 



Rper’s thick sot. 

Very compact. 

1 Smooth. 

Short, stiff. 

Tapering. 

For good lantL 

Burk yellow. 

If arrow, tapering, eylindrical. 

Smooth. 


Long, narrow. „ 


Spalding. 

Square, flattened, slightly 

Smooth. 

Strang. 

Yellow, huge, coixue. 

Cloys, and soft peat 


taperiug. 

• 


» 

soils. 

TlbhalflB. 

Square, tapering. 

Smooth, dark red. 




Hsuriaglaad. 

Cylindrical, tapering. 

Smooth. 

Medium. 

Coarse, red. 


Hunoiy. 

Cylindrical tapering. 

Smooth, whitieh. 

Medium, flne. 

Small, flue. 1 

[ Good gpring wheat. 
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komo. J5or», or Hiali. __ 

0«lU«ndu jaUow, I^ms, uxrow, taparins. 

iMard^ Karrow, cipUndrio^ tepetiDg. 

munUTa. Compart, aqoara. 

April. Poiotad, sptaadiag. 

MniaBip. I Biaaoh^. 

Xiratt'a oom. I Short, eompart. 


ms BShaoxD tabikeim. 

Chaff. SI 1 U 1 

Whitiah, amooth, Fina, aboi 


Bad, amooth. 


Bough, red. 


Fina, abort. Bed. 

IiOBg, fine. Tranalnc 

Xadium. Bed. 

Xallr/a-IOcaatratr. Lougith. 

Coane. 

Solid. Coaraa. 


Bed. 

Tranalnoant browa. 
Bed. 


Bemarfci. 


For lata aoudng. 

For poor dagr, plaldt 
latgalp. 


Is treatiiig of wheat onltiratioa we ahall ooBaider—(1) the ! Howeaer adriaable auch a method of enltiaatioB i« f<w atilF 
plaoe wfaieh the plaat ooonpiea in rotationa; (2) the aoila moat ; aoila, orer large trauta of light and medinm eoila it ia beat 
mutable for ita derelopment; (3) the preparation of the ground; {to etir the ground deeply for root-oropa and plough li^tly toe 
<4) the aeaaon of aowing; (5) the quantity of aeed uaed per ' oereala. 

more; (6) the nxethoda of aowing ; (7) the after oultiTation; (8) j thx bxabon' or bowino. 

the harveBt; and (9) the ooat and return. In wheat ahonld be town before the end of 


PIiAOX IN BOTATION. ! 

Thia ia uanally fixed for tenanta by definite olauaea, atipulating | 
that no two white oropa ahall occupy the aame ground oonae- ! 
ontiTely; or, atili more minutely, the exact poaition of the | 
Taxioua cropa towarda each other in preacribed rotation. Such 
reatriotionB and preacriptiona have a certain value on ill-farmed ! 
catatoB, where bad land and poor, uneducated tenants are united , 
under a needy landlord ; but they will disappear precisely as ' 
good farming extends, and intelligent, well-to-do-tenauta increase | 
in number. In ordinary good farming, wheat will follow a bare j 
fallow on stiff aoila, or a portion of Iho root and green fallow. 
Thus vetches may bo consumed on the land a.*! a preparation 
for wheat, and matigel-wurzol, potatoes, and turnips, consumed 
early in the season, will leave the land at liberty for winter or 
epring sowing. Land which has borne a root-crop will, as a rule, 
be planted vdth com of some kind, and the amount sot aside for 
wheat will vary with the season and the natural quality of the 
soil. Thus clay soil cleared of ita root-crop will be suitable for 
wheat, while light soils, ospocially when the root-crop ia uneaten 
until late in the season, will bn best sown with barley. Over tlie 
greater part of the south, west, and cast of England, wheat 
follows one or two years’ grass ; while in the north, and in 
Scotland, oata are often taken at this period of the conrso, 
while a large breadth of wheat ia planted after roots and fallow. 
Beans also form an excellent preparation for wheat, and cases 
are not wanting in which strong soils have been cropped for 
many years alternately with wheat and beans. Wheat has also 
been grown many years in succession upon the aame land, and 
there ia reason for believing that upon some clay aoila such a 
eyatem, aided by steam cultivation end liberal manuring, might 
bo pursued with aucoesa. 

WHEAT BOILS. 

Keforonce to the above list of varieties will show that there 
are wheats adapted to almost every kind of land, from peaty, 
blaok, soft BoUa, to hard, poor olaye. The atiffer claases of aoila 
have rooeived the general appellation of “ wheat lands," because 
they grow thia crop with marked aucoesa, and also because they 
are not adapted for barley and turnip cultivation. Folding 
sheep upon turnips will giro a oonsiatency to oven the lightest 
soils, enabling them to grow wheat and other oom cropa aucaeaa- 
fully. 

PBXFABATION OF THX OBOHND. 

Tfl^at ofiar hare fallow ahonld be sown «arly in September. 
T!m order of cropping preauppoaea stiff clay soil,'and on anch 
aoila the earlier the seed ia planted the better. 

Wheat after roots reoeives the benefit of all the onltivation 
bestowed upon tlie roots. When these are carted off, or fed on 
the land, plough three to four inohoa deep, harrow, and drill. 
A fresh furrow ia preferred. 

Wheat after Clover. —Eat the paaturea bare by meana of 
•Hea or otiier store atook, and plough early, so as to ensure a stale 
or old farrow, iu aoma oases ploughing ia done at the beginning 
of Anguet, or even earlier; and aa a general rule, you caa hardly 
^gin too soon. CroaaldU or Cambridge roll immediately, to 
kiU the grass and render the ground firm. Harrow repeated^ 
before and after the drill. 

Wheat after Heana.—Oart tffblre to fifteen loads of dung on 
to the bean otobbla, plongh, and harrow, previous to aowing. 

Wheat after Fetafoaa.—Plough or lightly cultivated, harrow 
and iow. Land is often too light or boUow after potatoea for 
hanea deep phra^iing ia to be avoided. 

Wie oadaot noohmend iadieeriminato deep tillage tor wheat. 


September. Koot laud may be prepared for winter, and spring 
wheat from October to Mareh, and even np to April. Lm or 
clover land is beat planted with wheat in Ootober and Novem¬ 
ber. Bean land should be eown with winter wheat as early 
aa convenient in the autumn. 

TUX qUANTITT OF BKXD. 

Probably no point of farming praotice has been more keenly 
diacnaaod than thia. Some of our teachers insist on two pecks 
per acre of seed as the proper qnantily, while others recommend 
eight pocks. The “ thin sowers’' have certainly succeeded in re¬ 
ducing the amount of seed uaed in ordinary practice, just as 
j enthusiastio toctotalcrs have had their effect on publio opinion 
I in the matter of alcoholic drinks, but it ia scarcely likely that 
the amount of seed will be fnrtoer materially reduced. When 
I wo bave good land, seeded early in the autumn, the minimum 
I quantity of seed may be used. Experiments have frequently 
i yielded results opposed to thin eeeding. Mr. P. Sherriff, who is 
; ono of our best anthorities on wheat, says ; “ Bespecting the 
I quantity of seed, 1 can testify from experience and observation 
, . . . that a ‘ thin plant' . . generally enlarges the eats 

and 00 ms, retards ripening, and aggravates the effects of rod gum 
and mildew, while the straw is shortened both by a very 
‘ thick' and a very ‘thin’ plant.”* Mr. Blyth, of Sussex Farm, 
Burnham, Norfolk, during 1839, 1842, 18^, obtained uni- 
I formly better results with sovcn-inch drills and ten and a half 
pocks per acre, than with nine-inch drills and eight peoka per 
j Bcro.f T. W. Brompston, Esq., M.P., in 1838 found narrower 
I drilling and a larger amount of seed better than wide drilling 
' and less scc'd.J Mr. W. Loft fonnd eight pecks per acre gave a 
; better crop than five pecks per aoro.§ Mr. B. Birch Wolfo, 
after ttying both systems, says the balance is in “ favour of 
narrow drills, seven inches, and the larger amount of seed by 
seven bushels and seven quarts per acre.’’ || Also Mr. J. F. 
Burke writes: " I have tried many experiment on sowing wheat 
on a largo farm in the north of Germany, and always fonnd 
thick Bovring was best on the light porous soils, but on clays 
thin sowing was better.’’^ 

The Cirencester Chamber of Agriculture came to a similar 
conclusion after a series of experiments carried out by its 
j members in*1869, and we may consider that any attempt to 
introdnoo a general system of thin sowing—t.e., less than six 
to eight pet^B per acre—will be attended with loss. Never¬ 
theless, the results obtained by Mr. Moohi, Mr. Wilkins, and 
the late Mr. Howit Davis are remarkable, and show the neces¬ 
sity of each farmer testing the requirements of his own land aa 
to quantity of seed. 

UXTHOSS or BOWINO. 

Drilling, by moans of the Suffolk ox other oom drills, is the 
Aost usual method of planting wheat. It has so completely 
superseded broadcast sowing in most districts that it is fre¬ 
quently difficult to find a man who thoroughly understands the 
nso of the “ seed-lip," 

Broadcasting hoe many points to recommend it. It is a rapid 
and cheap method of sowing: the treading of horses may be 
thus avoided, although on much of our lighter soils this is a 
questionable advantage: the seed is more uniformly distributed 
than in drilling in rows; the crop is equally aucoessfal. 
When combined witii "ribbing," or the formation of small 

* Vol, II., Jtayat ArrMalhimil SceUty'i JovrtuU, page 344. 

tTol.T. ibid., p. ass. t T 0 I.I. find., p.894. ( Vol.IX. ibid.,p.S81. 

II Yrt. IX. ibid., p. 45S, T VoL IX. ibid., p. 4B4. 
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rids«l«t8, booing betwew the rows mxf be resorted to, Oa tbe ' 
other hand, the inU has (upereeded ^e older qratem on aoooont 
of its preonion in vidth, depth, and quantity of seed sown, and 
ttie facititiciB it offers for hoeing. 

Dibbling, or depositing one or note grains in holes at a fixed 
distance apart, is recommended by the advocates of thin solving 
as economical of seed. For early aatnmn sowing on good land 
it may answer, bnt it is a risky method of sowing. 

Ploughing in is sometimes adopted with good effect. The 
wheat is sowed broadcast on the snkaoe, and covered with a light 
furrow. This seonres a firm bed for the wheat, a condition 
generally favonrable to the development of the crop. 

PaBPABA.TION OF THE SEED. 

Wheat is “pickled” or “steeped” before sowing. This is 
best done with sulphate of copper or blue vitriol, 1 lb. of which 
is dissolved in 2 gallons of water for every quarter of wheat. 
A sufficient quantity of the solution having been made, the seed 
is lowered into it in a basket for a few seconds. The light grains 
which rise to the top arc skimmed off, and the basket is with¬ 
drawn and allowed to drain. Tlie wheat is then thrown on to a 
floor, and turned over with a shovel until it is dry. This process 
is used in order to destroy the germs of fungi in contact with 
the seed, which if unchecked vfould subsequently develop into 
“bunt” or “smut.” 

THE AFTXB CunTTVATION. 

consists in spring rolling, and, when the land is foul, in horse 
and hand hoeing. On stiff soils wheat is often benefited in the 
spring by harrowing, especially if, owing to rapid alturnation from 
wot to dry weather, the soil has become sot into a crust or scrap 
on the surface around the young plants. These tillage opera¬ 
tions should only be attempted when the ground is dry. If tlio 
plant is thin and weak, 1 j cwt. of nitrate of soda or snlphatn 
of ammonia may bo applied with good effect in showery weather 
in April. Should the plant bo too Inxuriant, it may bo 
cheeked by eating it down bare with sheep. This should not 
be attempted after mid-April. Flogging consists in removing 
the heavy foliage by means of hooks or scythes when it is 
seen to be likely to oanso the crop to “ lodge ” or fall. This 
is done in May, and is so oondneted as not to injure the 
young oar, whose position in tho straw should bo asoortained in 
order to guide the operator. Common salt is sometimes used as 
a top-dressing for cheeking tho over-luxuriance of straw, and 
may bo applied in April or May at tho rate of 2 to 3 cwt. per 
acre. 

HARVESTIHG. 

The bloom or flower appears upon tho yonng ear six weeks 
before harvest. This flowering period is considered critical, 
and requires quiet, genial weather. Sadden changes of tem¬ 
perature or high winds do incalculable injury. Tho proper 
period for cutting is indicated by tho characteristio oolonr of the 
straw and tho condition of tho grain. 

The old-fashioned practice was not to out until the com was 
dead ripe—“ goose-necked,” as it was called, on account of tho 
bent appoaranoo of tho head and upper portion of tho straw. It 
has, however, been demonstrated that there are ^sorioas dis¬ 
advantages in thus delaying harvest operations. Not only is an 
important work postponed to a season when tho weather is less 
certain, bnt we run the risk of loss from winds blowing out tho 
grain.* Tho straw also becomes harder and less useful aa fodder 
for stock, while tho skin of the grain ihiokene so that less flour 
and more bran is yielded. The best period for ontting is when 
the grain, although soft enough to yield to the pressure of the 
thumb and finger, does not when squeesed exude a milky jnioo, 
but a paOty, aemi-solid maes. * 

Maobines ore now in general use for ontting oom of all kinda. 
We cannot pause to inquire info the history of tho reaping- 
maohine. Ok even to compare the relative merits of the many 
forms before the public. The advantages of this mode of 
ontting aro, however, sufficiently evident, and may bo summed 
up BS i^owB :->A obe^r and quicker method than either sidcle 
or st^tna; the emjfloympnt of horses at a time when they were 
formerly idle; diminished risks, espeeiadly from wind. Side 
delivery maohines, whioh leave the oom in bundles ready fOz 
tgfdag vp, snph as are sent out by Hornsby of Grantbsai, or 
mmneleon of Banbury, are the i^est for wheat; while a maebine 
lOm Key’s, whioh leaves a eontinnona swathe, is 

iaoA4i^Wi& for barley. 


If the weather is unsettled, the wheat should bs at onoe tied 
up sad stacked > but in fine .wsatber it wiU be all tiie better 
for lying a few hours in “ broad-hsnd.” Sheaves should be of 
good form, wi^ all the beads at one end, square at tiie butt, arid 
tied tightly, rather nearer the butts than the heads. Stooks 
should be composed of six pairs of sheaves each, firmly set down, 
pointing south-west and north-east, and the stook rows should 
bo straight. Tho time required for drying tiie oom is variable. 
Sometimee it may be cut and carted at once, while at other 
times a fortnight vrill elapse before it is “ fit.” Wheat is fit to 
cart when tho straw is dry at the nodes or knots, and when tho 
grain is hard. If it is required for marketing at onoe, it must 
bo dry enough for grinding; bnt if it is intended to stand in 
tho staok-yard over winter, it need not be in snob good "eon- 
ditioii.” In carting wo may either stock in the field or carry to 
the riek-yard. In either case we shall require one man pitching 
in the field, one man pitching at tho stack, one boy loading oarts 
in the field, one man making the rick, one woman raking in tho 
field, one to throe people assisting on the stack, and oarts ac¬ 
cording to distance. The cost of harvesting may be thus esti¬ 
mated a. 

Cutting by mochinery . . . .16 

Taking up, tying, snd stookiug . . .46 


Pitching and loading.16 

Biok-bnilding . . . . . .08 

Carrying.6 8 

Thatching.1 * 

Total per aero . . .98 


Harvesting requires close attonti'ia from tho master, who will 
find his judgment continually exorcised in watching the weather, 
determining when to out or cart, and superintending the work- 
‘peoplo. Wo conclndo this brief account of wheat cultivation 
with an estimate of the oost of growing a crop of wheat aftoT 


lea, and of tlio probable return :— 

Ploughing.8 6 

Crossldll tolling.16 

Harrowing before and after drill . . 2 0 

Drilling ....... 1 16 

Seed, 2 bushels per nore, at Cs.. . . 12 0 

Bolling in tho spring ... 69 

Hoeing.3 6 

Harvesting.9 8 

Threshing.0 0 

Marketing.•'* 0 


£2 10 0 

Bent, taxes, etc.1 15 0 


£15 0 

The probable yield may be taken at 30 buehols, and the 
price at Cs. per bushel. This will give a return of iJO per 
acre, and' apparently a handsome profit. In order to anivo at 
a true idea of profit, it wiU bo necessary to take the whole 
rotation into account, as somo crops, euoh as tho one under 
oonsideiation, although profitable, ore preceded and followed by 
uniemnnerativo or possibly losing crops. 


NOTABLE INVENTORS AND INVENTIONS. 

XXIV.-THE MAEQUIS OP WOBCESTEE AND. HIS 
“CEHTUET OP INTENTIONS" <oonol«d«d). 

BT JOHN TTUBS. 

52. A mysHcal jingling of church hells, by whioh, vsiying the 
order of arrangement, the whole alphabet may be rung on three 
hells; and these, being formed into senteuoes by abort pauses 
between each word, n^l fully serve for distant oonvsrsation. 
For musioal instruments, it is merely obsnging keys for bells. 

53. A hollowing gf » water-screw; a leatbem water-pipe, 
nailed in a spiral form round a long oironlar ]^le, the most 
simple method of making the Arohim^eon screw. 

54. How to maie a water-tight screw; by making a coarse 
screw and oovoring it with horn, & fitting a spiral tube of glass 
on a wooden oylhider, and filling up the interstioes with wax or 
any hard cement, so as to prqj^ beyond the glass tg^be. 

65. A double water-screw, ^e hmsmiOBt to nopsk the water, 
and the outermost for it to deseend more in number oi tiueads, 
and oonsequontly in number of waters, though mudh shorter 










NOTABLE INTENTOBS AND INVENHONS. Si 


tJM SonenBQ^ vorair, by which the water Moeadeth,a ino8t 
estreotdin^y help for the tnczusg of the eorew to make the 
•waterxiu. How a larger qaantity of wate* oaa deeeend than 
haa pierionaly riaen it ia hard to eay. 

56. An advaatageoua change cf eeniree ; all the weights of 
the deaoending aide of a wheel be^ perpetually farther )^ia the 
centre than those of the mounting aide, and yet equal in num¬ 
ber and heft of the one aide aa the other: tried before the 
Win g and court by the Morquia’a directions, in the Tower. The 
experiment was made more than fifty years prior to that of 
Orffyrens, a German meohonio, whence he ia presumed to have 
derived the idea from the Marquis's work. 

57. A conatamt water flovivtig and ebbing motion, upon the 
principle of an ebbing and flowing spring. The throwing in of 
a ball, by causing a commensurate rise of the water, tills a 
syphon, and sets the water-work in motion; but as the effect of 
this would soon cease after the two vessels attained an equili¬ 
brium, the machine must be assisted by a moving power 
attached to one or both of the vessels, as tho Marquis merely 
says that it may be performed “without tho help of any man 
with/vn sight or hearing.” 

58 to 67. Improvements of considerable importam.ce in the 
principle of tnoilem fire-arms. One invention, the eflbct of 
electricity applied to gun batteries. 

68. A. fire water-work, already described. 

69. A triangle key. 

70. A rose key. 

71. A square key, with a turning screw. 

72. An escutcheon for all locks. 

73. A transmittible gallery over any ditch or breach in a 
town wall, with a blind and parapet, cannon-proof. 

74. A conceited door, whereof the turning of a key, with tho 
help and motion of the handle, makes the hinges to bo of cither 
side, and to open either inward or outward, to enter or to go 
ont, or to open in half. By making tho handle act on a lever 
communicating with tho hinges, they may bo raised from their 
sockets on the required side, and to open in half they are jointed 
in the centre. 

75. How a tape or ribbon weaver may set down a whole 
discourse without knowing a letter. (See 33, 34, and 35.) It 
may bo performed either by making the stitches of a given 
length, varying tho distance ; or by any shape agreed npen by 
the parties, when the silk weaver will have only to set his loom 
to the required pattern. 

^ 76. How to write in the dark, as straight as by day or candle 
light. “ Two planes of ebony of equal length and breadth, 
similar to the parallel ruler, joined at each end by racks, tho 
side of which being graduated to tho width of the lino intended, 
will sorve as a certain guide; imd by tho use of this instrument 
a blind person may write with tho greatest accuracy. If ivory 
tablets or a slate is used, a fine wire drawn with a steel point 
may bo readily felt by the point of the pencil."— Partington, note. 

77. How to make a man to fly; which tho Marqnis tried with 
a little boy of ton years old, in a bam, from one end to tho 
other, on a haymow. Upon this Mr. Partington has a note of 
six closely-printed pages, from which we can only quote that tho 
whole problem of aCrial navigation is confined within these 
limits, via.: “ To make a surface support a given weight by tho 
application of power to tho resistance of tho surrounding atmo¬ 
sphere.” The subject is, however, far beyond our limit. 

78. A watch to go constantly, yet needing no other winding 
from the first setting. It will be necessary to employ a small 
balance, with a nut attached to its axis, and communicating 
with the fusee, the continued vibration of which wfll, by wind¬ 
ing tho watch, give it nearly all the advantages of a perpetual 
prime mover. 

79. A way to lock all the boxes of a cabinet at one time i to 
he performed either by erankg and wires, or by sliding bolts 
Md levers communicating with each look. A more simple mode 

'*** * series of spring locks, which may be closed by 

tho priiSBure of the lid, unconnected with any other mechtmism. 

80. How to make a pistol-barrel no thicker than a shilling, 
yrt able to endure a musket^roof of powder iuid bullet. 

81. A comb conveyance for carrying letters without suapioion, 
we head being opened with a needte screw drawing a spring 
towardg one. 

^poon, or fori, in a portehle oaie, may have Hie 
uKd oo^Ti^^QQca in tlisit luuidlose 


83. A rapping mill for hairtehom, for which a variety of 
engines have been invented. 

84. An arithmetical instrument, whereby porsoiM ignorant of 
arithmetio inay perfectly observe nnmetatira and subteaction of 
all stuns sad fractions. The unfinished calonlating instrument 
of the late Charles Babbage is, however, mnsh superior to any 
other oontrivance yet suggested, unless it be Soheutz’s difference 
engine. 

85. An untaothsome pear, wliioh being dexterously conveyed 
or forced into a body's month, shall shoot forth so many steel 
bolts at each side, and at both ends; can neither bo opened nor 
filed off. This discovery may be set down as useless. 

86. An imprisoning chair, ia which a stranger seating him¬ 
self, has immediately his arms and thighs locked up, beyond his 
own power to loosen them. “ Choirs of this description,” says 
Partington, “ were employed by tho monks in the darker ages 
of Christianity, to entrap curious persons; they wore provided 
with two lovers at the oxtrcmily of the arms, and same 
number were fixed immediately below the seat. These, on 
pressing the cushion, were discharged like a man-trap, by four 
powerful springs noting on the lever, so that it would take the 
unitod force of four or five persons to free the prisoner.” 

87. A brass mould to cast candles, in which a man may make 
500 dozen in a day. 

88. An engine, withont tho least noise, knock, or use of fire, 
to coin and stamp 100 lbs. in an hour by ono man. The 
Marquis was ignorant of Boucher’s fly-press for multii>Iying 
metfdlio impressions from an engraved surface. 

88*. A brazen head that answereth a whisper into his ear, in 
Prcnch, Latin, Wolsh, Irish, or Knglish, uttering it out of his 
month, and then shut it. But this invention has been trans¬ 
cended by the Invisible Girl of onr day. Partington’s descrip¬ 
tive note is very interesting, but too long for quotation. 

89. VKktfc silk gloves, knotted in the fingers, with which a card- 
player may, fay the knots or rings, keep reckoning of all sixes, 
sevens, and aces, which ho bath di^tdod, and without false play. 

90. A dicing box, with holes transparent, and by a knock of 
it against the table tho four good dice ore flattened, and it 
loosonoth false dice made fit for this purpose. 

91. An artificial horse, on which a man being mounted, ho 
can make him start, and run at the ring—an automaton figure. 

92. A gravel engine, made like a water-screw. 

93. The water canal. An engine whereby one man may take 
out of the water a ship of 500 tons, so that it may bo caulked, 
trimmed, and repaired, withont need of tho stocks, and as easily 
let down again. 

94. A little portable engine, called a jack, for opening a door 
or gate; its even, uniform motion is clearly described by tho 
Marquis of Worcester. 

95. A double crosslbow, to shoot two arrows in immediate 
succession. 

96. A v'oy to make a sea-hank, described precisely by the 
noble inventor, in its results, like the Breakwater at Plymouth. 

97. A perfective instrument, answering the desoription of 
the camera obsenra and camera lucida. 

98. The semi-omnipotent engine, so contrived, that working 
tho priiRU^ mobile forward or backward, upward or down¬ 
ward, circularly or cotnerwiao, to and fro, straight, upright or 
downright, yet tho pretended operation continueth and ad- 
vancoth, none of the motions above mentioned hindering, much 
loss stopping, tho other, etc. etc. (See page 43.) 

99. A most admirable way to raise weight. How to moke 
one pound weight tt raise one hundred as high aa ono ponnd 
falleth, and yet the hundred pounds descending doth what 
^nothing less than one hundred pounds could effect. 

100. This, “ the most stupendous work ” of tho whole " Cen¬ 
tury,” has already been notioed (page 43). Whatever may bo 
the worth of the majority of the “ Century of Inventions,”* it is 
now a generally ancepte^ fact that the Marquis had worked out 
in hia mind a clear oonoeption of a steam-engine, as wo should 
now coll it; and he is beUeved, shortly before hia death, to have 
set at work a model of a steam-engine, from which, it is boHevrf, 
Savery took his hints of the engine, which, sines Watt’s im* 
provements, has remained “ tho o^y tamo giant that is nssfnily 
subject to tte will of mim.”-—Hawkshaw. 

• Since the puhVoation of PorUngton's edition haa appeared the ex- 
hauative ** Koenphy of the Ibrqnis of WOTceater," by Mr. Dliek^ C.B. 
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Fig. 476. —XBHBE-UORT WINDOW FKOX STANTON HARCOTTBT, 
OXFOBDBHIBB. 


Fig. 477.— TWO-LIOHT WINDOW FBOK LITTIiE WENHAK 
CHUBCH. BUEFOIiK. 


Always the higheBt, its head rising oonsideiably above the< 
others, so as to pieaerre the arched appearance of the whole. 
Windows of fonr lights, with centre pair rising above the outer 
ones, are oooasionaUy met wiidi, but the most general by fax are 
those of three, five, or seven lights, rising in height to the 
oentre one. These lights were sometimea gathered under a 
single axohed dripstone, as in the west window of the south 
aisle of Onndle Chnrdh, Northamptonshire, and covered by a 
dripstone, whioh, Hke the string-oonrse abeady allnded to, 
eoven first one light, is carried on horizontally, rises to the 
level of the springing oi the nest, follows the axoh, desoends to 
the level of the nest springing, and so on, prodnoing a very 
graoefnl effect. The window shown in this illnstration is ut 
snesHhat tcaseple of this Und of dripstone. 


At iJrownsover Chnroh, Warwickshire, the npper comers of 
fhia aperture correspond with that of the outer axoh or drip¬ 
stone; bnt as this is not, as in the present instance, etraok 
from the same oentre aa the heads of the lighte, the effeot is 
not so pleasant, presenting a broken, instead of a oontinnons 
onrve, as shown in onr illnstration. 

TUs elementary stage of ornamentation is called “plafs- 
trocery.” 

A two-light window, with a loeenge form or qnatrofoilad 
oirde between the heads, was, es we have esen, the first derided 
step towud traoery. “ It was,” says Mr. BrsAdon, ** a nabnal 
and eaey advanoe to plaoe two enoh windows in oomhinathm, 
and to pieroe irith a Issger oirrie the epaoe enrioeedi by a 
dripstone, forming a ringle axefa idiove them both. ' Bere 





































































T£0HNI0AL DSiLWINO. 


nmniT-. tiwrrfoM, * fonr-Hght window wiiJi ita geometrical 
Then one of the lights would, no less natnnlly, in 
BOme instenoee be sappcessed •, while, under oironmstanoas of a 
contrary nature, a fifth or even a sixth light might be intro- 
dnoed, and in eaob Of these oases alteralaon in the tracery must 
n ffceMarily onsue. And, again, erery snoh alteration would 


In early onaped oiroles there is a diatinotiire peculiarity in the 
ouspittg. In these the foils are produced from tiie inner onrre 
without rising at all into the chamfer. This style has been 
csdled soffit cnsping, because it rises directly from the sofBt of 
the arch, and not, as subsequently, from the chamfer or slope 
of the arch-side. 
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Fig. 478.- -WINDOW FROM MKOPHAM OHDBCH, KENT. 


lead to the introduction of fresh yariety, and thus illustrate the 
faoilily with which window tracery admits of change, eyen 
^^ilat fettered by geometric (forms of beauty or consistency. In 
^ first instance, in these early windows the cnsping was for 
m most part rratrioted to the geometrical tracc^, the heads 
of the Uglte remaining plain: but after a while a similar enrioh- 
P* ”**^w>a iatroduced into the heads of the lights, to the great 
™P>vf«Baai of the entire composition.'' 


Another marked peculiarity in early foils is, that in place of 
being segments of intersecting circles, they are formed from^ a 
series of distinct circles which all cut a larger circle wi^in. 
Ttaoery in the cnsping of whi<5h any of these peculiarities 
occur, is inyariohly of an Early English when not actually of a 
Transitional oharacter. The window from Meopham Church, 
Kent (Pig. 478), illnatiateB this early cnsping. 

It has been ehown that the first odyanoe towarde the derelop- 
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mwt of l 3 Wei 7 vaa oanaod tits tyinpaanin bwiif pieroed 
«iih aa apertnro in the form of » circle, trefoil, losenge, etc., 
■od that to thia the name of plate-tiae^ had been at^tlied. 
1%o eystem ahown in the preaent examine in ohoraoteriaed by 
the name " bar-tracery ’* in oOntradiatinction to plate-traoary, 
illnatmtod m the previona figure, the pnttorna of the openings 
appearing to bo formed by the interaeotion of variona bate. 
This latter form aroae natnmlly enough from the former by the 
multiplication of the pieroinga or apertnroa, till at last the 
plate dianppeared, excepting such parts oh_ were required to 
aeparate the openings and to connect the voriona parts. 

In copying this example the student is adriaed to draw the 
plan first—not neoeaaarily to the same scale; in fact, it would 
afford bettor practice to work to a larger scale, say 1 inch to 
the foot. The plan having been completed, tho external foim 
of tho olovation and the mulliona should be projected from it. 
Tho mulliona develop into tho tracery bars. Tho narrow, flat 
edges of the tracery— i.e,, those porta which form tho plane of 
tho whole front of the window—should next be drawn. The rest 
of the oonatruotion will bo easily followed from tho illustration. 

Ciroular or rose-windows (called also wheel-windows and 
marigold-windows) are not nnfrequent at thia period, and ore 
divided into compartments by slender shafts with capitals 
radiating from tho centre, and sustaining at the oircnmfereuce 
small arohoB usually trefoiled. Windows of triangular shape 
are also found, as well as a peculiar sort of window in the form 
of what ia called tho “ vesica piscis; ”* those are small, and are 
placed in subordinate positions, as in the gables or clerestories 
of parish ohurchos. Uevorley Minster, York, and Lincoln have 
circnlar windows of thia style, peculiarly fine in oharooter. 
The marigold-window in the aonth transept at York is also 
extremely rich; and there ore the remains of a beautiful 
window of this kind in the front of tho ruin of Valle Cmoia 
Abbi^, Llangollen, North Wales, already tefonod to. 


CHEMISTRY APPLIED TO THE ARTS.—XIV. 

BT OBOKaS OLADSTONE, F.C.S. 

GLASS-MAEINO (continiuKi). 

In the last ortiole we considered tho manufacture of glass vessels, 
from tho commonest bottles up to tho ornamental ent ware. 
We have now to deal with tho voriona kinds of gla.sa which are 
u.<iod *in tho form of flat sheets. TIioso are divisible into throe 
pi'inoipal classes—crown, sheet, and plate glass. They will be 
taken in order. 

Crown glass was almost oxolusively manufactured in this 
country until a comparatively recent period. It generally con¬ 
sists of silioa, soda, and lime; with a little binoxido of manganoso 
and arsenic to neutralise the effect of any oxide of iron or othor 
impurities that may be present in tho materials employed. The 
proportion of the several ingredients varies considerably in dif¬ 
ferent works, and even at different times in tho same works; 
but tho following may bo taken as about an average;—Sand, 
500 lbs.; chalk, 150 lbs.; carbonate and sulphate of soda, 
175 lbs.; onllet, 450 lbs. Sulphate of soda has the advantage 
over tho oarbonato of being ohoaper and more easily worked, 
but it does not yield so oolonrless a glass; and therefore tho 
nsa of tho one or tho other, or the relative proportions of the 
two, are governed by the quality of glass that may bo desired. 

The materials ore mixed tog^er and pnt into a pot similar 
to that described in tho last aitiolo as used in making bottie- 
glass, except that a ring of olay is first put at the bottom of tho 
pot. Daring the melting tiiis rises to the surfaoe, having a 
lighter speoifle gravity than tho metal, and its presonoo there' 
serves to rednoo the space which it is necessary tO' keep olear of 
imparities daring the mannfaotaring prooess. The pipe and the 
pnnty, aa before, are the principal toold used. The workman 
gathers upon tho end of his pipe, in sueoessivo dips, about 9 lbs. 
weight of metal, whioh he rolls upon his tiiblo or “ marver” until 
it assumes a eonioal form, tho apex of the oone being the bullion 

* Fsn'M piaeif.—A flgnio ftequently used in Early EngHih and 
Ootbie aroUteotnm. <}«neniUy the form Is someOiliig like as 
elUpse, but pointed at both enda It ia farmed ly ^ intaneetion 
of two Men of equal otrelsB. and ia aomewbat similar in outUee to a 
fish— banes its name. Tbia farm ie sometlmea given to tbe murtok, 
at niabiw of gloxy, ia wbleh v e pr ee u ntatlona of aaiate am sneloBsd, 


point. While eontinning to it on thg marver, a bqy Mows 
down the pi^, and it ia luated and blown alternately it 
attains the siae of a glass globe. It is again hest^ Oib the 
femaoediole and rotated rapidly, whioh oansee the globe to 
flnttm at what a geographer would call the poloe, and widen ont 
greatiy at the equator. The next workman then takes it npoa 
the poniy, on the knob of which is a little hot metal fteeh from 
the pot, whioh he applies to the bullion point; it adheres 
immediately, and then the pipe is eat off on the opposite side 
with a piece of cold iron, leaving, of coarse, a small hole where 
the nose of tho pipe was. It is token without a moment’s delay 
to the flashing furnaoe, whioh ia kept np at a great heat; and in 
front of this intense fire it is rapidly rotated until the side in 
which is tho nose-hole gradually melts and extends, until at 
length it con no longer resist the centrifugal force, and bursts 
open, forming a flat circular disk of glass about 60 inches in 
diameter. Still twirling the punty, tbe gloss is removed from 
the fire, and as soon as it is cool onongh to retain its shape it 
is detached from tho iron rod and taken to the annealing oven, 
where it remains one or two days. 

A well-manufactured table shonld bo very even in thickness, 
exoept, of course, in tho cuiitro, whioh is tbe bullion point or 
bull’s-eye. Thoru are generally, however, some slight indica¬ 
tions of the way in which it is made, os window-panes will 
often bo seen to contain strim or markings whioh form segments 
of oirolea having a common centre; those ore objectionable, as 
they slightly distort the objects seen through them. It is liable, 
like othor glo-ss, to accidental impurities in the metal, and also 
to tho presonoo of bubbles, tho latter gonorally arising from in- 
snfiioioiit molting. In crown glass tho biibblos are, moreover, 
more coiispicnou.s than in plato, ns they are drawn out and 
flattened by tho rotatory action, till they present nltimatoly the 
appearance of large flattened disks. A11 those defeots more or less 
detract from the value of the glass, tho best being about three 
times tho vnlno of tho commonest; and in cutting it for tho 
market considerable judgment has to be exercised by tho cutter, 
BO os to secure wherever possible a pieoe that shall rank among 
tho upper qualities. 'J'ho table is only ent into two portions: tho 
one which contains the buirs-oye being, of course, larger than 
the other. 

Sheet glass works have only boon ostablishod, or rather ro- 
ostabli-shod, in this country within tho last forty years ; and in 
them tho same materials are employed as those just doscribod 
for making crown glass, 'riio diiroronco consists in the mode of 
manipulation. It will be snflleicntly evident that a circular 
plate of glass of 60, or at the most 70, inches in diameter, and 
which has n bull’s-eye in the centre, cannot possibly bo ent so 
as to yield a largo sqnaro ; and that it will not, therefore, suit 
modem ideas of glazing windows, and still leas of shop-fronts. 
Tho making of shoot glass, which bad for a long time been 
superseded by tho crown (partly, perhaps, beeauso of tho more 
brilliant surface of tho latter), has now, therefore, been revived. 

Tho workman takes a lump of metal upon tho ond of his 
pipe, as in the former proensa, and blows it npon a hollowed 
block of wood instead of a table, so os to limit tho hollow ball 
to a oertain diameter. Tho wood ia prosorvod from being burnt 
by pouring water upon it, and tho metal being at that time 
snflioiently hot to oonvort the water into steam immediately, 
tho glass is not rendered brittle by its presonoo. In front of 
each working-hole of the furnace is a wooden platform, with a 
pit below, and npon this platform the blower now stands, and, 
by a succession of re-heatings, blowings, and swings round of 
the metal in a vertical piano, tho hollow ball gradually becomes 
drawn ont into a long cylinder. The extreme end of it opposite 
to the pipe will natnrally be thinner than the rest; this part is 
then made very hot, and is burst open by the expansion of tho 
internal air through the heat, the end of the pipe being closed 
to prevent its escape in that direotion. The edge of the orifice 
thns caused ia trimmed with the seissors, and the aperture 
widened with the tonga until the cylinder is of uniform dia¬ 
meter thronghont. It is then out off at the other end, Iqr 
paeaing a hot iron round it, and dropping some cold water 
on the heated line. It thns forms long glau dram, open at 
both ends. 

This dmm has now to be split and flattened. The first 
is partially done by taking a dimond, and drawing n. straight 
line longitadiwdly along the inner snxbsce of the glus. In tide 
condition it pomes to ^e flatteam. By hon it u laid upon a 
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plftta, Miih &» ozMlted kid* npperaoit, and heated at 
the fiattaning fQnaee, tdiea it open* al^g the ilne where 
ttif dieoioiid hat panied, and gradualljr dnks down upon the 
plate aa a flat riieet of glaea. 7%e flattening ia, however, ex¬ 
pedited by paaaing an iron ralet over It aa aoon aa it has 
eommeno^ to gape open; and when qnite flat a tod with a 
amooth block of wood at the end of it ia employed wherewith 
to rub the anifaoe ao aa to take out any rooghneaa or wavineas 
whidh may remain. It then only reqnireB annealing, and the 
sheet is finished. 

Q-laaa thus made ia free from some of the defects incident to 
the crown prooeaa; bnt in the flattening and rubbing it loses 
the fine amooth aarface which the other has, and though largely 
used for the glaring of windows, its appearance is not altogether 
satisfaotory. An economical, and at the same time efficient 
way of gprinding and polishing the sheets has, howover, been 
discovered, so that now it may be hod with as fine a surface as 
plate glass, and it is used aa a aubstitnto for the latter in the ! 
glaring of the boat houses. The sheet of glass is pressed upon | 
a damp piece of soft leather stretched on a flat frame, which is I 
all that is requisite to make it adhero firmly. Two of thoao are ! 
then laid face to face, and are rubbed toguthcr by machinery, i 
sand and water being mode to flow between them. They thus ! 
grind and polish each other; and a.s soon as the one surface is ' 
done, they are turned, and the prooess is repeated. 

The ttsnai size of a shoot is 47 inohes by 32 ; but for apeoial 
pnrposos larger sizes are sometimes mode. Sheets of large 
dimensioiw and corresponding thiokuesa are, however, very ' 
trying to the strength of the workmen who have to make the 
cylinders. 

The International Exhibition building of 18.S1 was glazed 
with the unpolished sheet glass; each cylinder was made to 
produce a sheet measuring 49 by 30 inebes, which was after- 
w.uds cut lengthways into throe equal parts. Of these about 
.300,000 were required for the purpose, the whole of which wore 
manufactured by one firm, the Messrs. Chance, of Itirmingham. 

Plato gloss is made by a comparatively simple process ; but 
as the main object of making it is to obtain very liu-ge sizes, ^ 
which must have a corresponding thickness, very great care is | 
necessary at every stop, lest when finished it should be found j 
to contain flaws or luvve too much colour. A plate to bo used ' 
as a mirror should indeed bo absolutely free from any blemish; | 
and if it has a slight groonish tinge, it gives, after being 
silvered, a very unpleasant tint to the objects rofleolod by it. 

In the first place, tho very best materials must be used, and 
the sand should be well washed to roraovo any oocidental 
impurities. The following are good proportions:— 


Best white sand 


. 43*5 per cent. 

Soda salt, 40 per cent, at alkali 


. 26*0 „ 

Caustic lima 


5-0 „ 

Nitrate of potash . 

, 

1*5 ,. 

Cutlet. 


. 25*0 „ 

100-0 


These will bo scon to differ essentially from flint glass, not 
only in tho absonco of load salts, but also in the use of soda 
prinoipally instead of potash. This causes all plate glass to be 
more or less greenish, bnt at tho some time it renders the metal 
more fluid, which is a matter of some importance in the casting, 
and it also facilitates the separation of any impurities that 
there may be in it. By increasing the quantity of potash, a 
more oolourlesB glass would be obtained; but this alkali has 
snoh a faculty of absorbing water that glass made with an { 
exeesB of it will become sweaty, and cannot be kept clean and I 

bright. J 

The ingrediente are melted in tho open-mouthed pots already 
desoribed, and when ready for nee the casting-pot is rapidly 
withdrawn from the fnmaoe by a travelling crane, and brought 
ovw the table. Thie is a large sheet of iron resting on a frame 
trhioh mna on wheels; the iron top is highly polished, and has 
a movable strip of metal on each ride, which is varied according 
40 the intend^ thioknoas of the glass. Before nsing it, ihe 
k^aoe of tile table has to* be heated, which is generUly done 
aprinlding hot coals upon it, after which it is wiped qtrite 
riean. 

The metal, after having been kept at the fnllest heat until all 
the bubhlea hnve escaped, is allowed to cool down a little tin it 
oommenees to lose its liqnldiiy, and to become slightly viscid. 


It is fhen (after being skimmed) reedy for pouring ont upon tho 
table. As soon os that is done, a hwvy motel toller is passed 
over it, and the glass is thus rolled oat into a flat sheot of the 
thiokness oorresponding to that of the side strips above de¬ 
scribed. Any excess of metal faSs over the md of the table 
which is left unprotected. This, while stili soft, la bent up¬ 
wards in tho form of a flange, so as to be free of the table for 
the next operation. 

The whole is then whoolod to the door of the annealing oven, 
and the sheet of glass is pushed in by pressure on tbe flange at 
tho farther end ; there it remains for some days, during which 
tho temperature is gradually reduced from a dnil red heat, 
at which it was at first, until it becomes cool. 

When the annealing is complete tho plates have to bo oare- 
fnlly examined for flaws, .and are cut into the largest squares 
that can be obtained without including any of these. They 
then pass to the grinding and polishing house. A large plate is 
firmly fixed wHb plaster of Paris on tho top of tho grinding- 
bench ; a em.illoiiQ i.s likewise fixud on tho under side of a heavy 
travelling table, to which a rotatory and at the same timo 
oBoillatiiig motion is given by tho machine with whieh it ia 
eounooted. Thus one plate is made to grind tho other, with 
the help of fine sand or ground flint and water, wliioh is thrown 
between them. Both sides are gronnd in this way. They have 
then to undergo a succession of grindings by hand, with emery 
powder of gr^nally inoreasing fineness, so as to reduoe tbe 
coarseness of tho granulation caused by the maobine-grinding, 
and gradually to proparo it to receive a polish. Women and 
girls generally do this best, aa it must he done lightly; and 
their hands more readily detect any grittincss in the emery 
powder, which has specially to be guarded against. 

I The polishing is done with a woollen onsbion, and a oompo- 
I sition containing a little of tho hydrated oxide of iron; tho 
‘ cushion is attached to a handle which is usually driven by 
machinery, as that does the work more regularly and system- 
I atically than hand labour, and produces in consequence a more 
oven result. 

When the plates were in their rough state many minor flaws 
might pa.ss undetected, which unforranntely cannot esoapo 
notice when the glass has received its fine polished surface. 
They must needs, therefore, be ro-oxamined, and the defective 
portions nut away. Tho pieces which are most free from colour, 
waviness, and bubbles, are seleetod for the making of mirrors; 
tho rest being nsed for glazing or any other purpose of minor 
importance. 

Tho very general employment of plate glass in shop-fronts 
has given a groat impetus to tho manufactnro; but, besides tho 
home consumption, it is exported to other parts of tho world in 
considerable quantity, as there are no plate glass works of im¬ 
portance yet established cither in tho United States of America. 
or in our own colonies. 

THE LATHE. —IV. 

By Hbnky Noktucoit. 

ADV^NTAOE.S OP I)OOBI.E OEAEIKa FOB I.i.THBS. 

The usefulness of the double gearing is oonsidorable, for though 
simple, it adds a great deal to the power and use of a lathe. 
It is not always made in the manner shown in our last paper, 
but this arrangement illustrates the principle of the must ap¬ 
proved mode of application. In some cases the wheels, instoail 
of sliding towards and away from each other by diminishing or 
increasing tho distance between the axis, are thrown into gear 
and out of gear by the back axis sliding lengthwise in its 
bearings a distance rather in excess of the width of tho wheels; 
but in the best lathes tbe book shaft is a socket mounted on a 
central spindle, which latter is carried by two oxoentrics, and 
with this arrangement tho wheels ore caused to approach and 
gear with each other or recede by moving round the ezeontrios. 
This latter plan is probably tho neatest and most complete, bnt 
tho second is, I think, the simplest. Both plans areein very- 
frequent use, and will be illustrated in some of the oompleto 
lathes to be shortly described. 

Although this double gearing allows of a very griHit reduction 
of the speed of the lathe-spindle and oomsponding increase in 
its power of overooming resistance, a still greater reduction of 
speed and inoreaee of power are required for some large lathes. 
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and nn pMurumtly these lathes ate sometimes ftanisb^ with 
txeUe qaadrnple gesxing of veiy great oomplesity^ ud 
posrar. In most d these eery powerful lathes the last pinion 
is oan^ togear directly with a large wheel forming part of the 
Mffn or oiionlar plate on the lathe^spindle nose which aandcs 
work. The object rf this is tiiat the great torsional strain 
wliiah would otherwise be transmitted through the lathe.spindle 
itselfi and which would consequently have to bo mode Tory 
■trong to enable it to safely transmit such strain, shall be oom- 
municated directly to the face-plate, and appli^ as near as 
possible to the spot where the resistwoe of the tool’s out has 
to bo overcome. Such powerful and complicated trains of 
wheels are chiefly necessary for lathes that are designed for 
turning very large surfaces, and which lathes are hence called 
aurfhoing lathes. 

I am not aware who was the originator of the doable gmring, 
but it is a most valuable invention. In its earlier shape it was 
applied something in this wayAn ordinary lathe faoe-plate 
was furnished with a wheel which was attached to its baok, 
and a small pinion was fastened at the baok of the lathe-head 
1^ a bracket 
bolted to the 
lathe head- 
stook. This 
pinion was 
arranged to 
gear with the 
wheel on tho 
faoe - plate 
when heavy 
work had to 
be turned in 
the lathe, or 
it could be re¬ 
moved frcnn 
gearwhontbo 
rfow motion 
was not re¬ 
quired. Tho 
small pinion 
reoeived its 
motion not 
from tho 
lathe • pulley 
in any way, 
but from tho ' 
overhead 
shaft driven 
by a sepa¬ 
rate belt. 

Now, this ar- 
rangement 
was quite as 

efficient as any of those sinoe introduced in reducing the speed 
of the work within tho range of a simple wheel and pinion, but 
the plan neoessitatod a separate belt, whioh was ratiier in the 
way when the ordinary motion was required. A lathe fitted 
wi& Uiit kind of gearing I have seen, but have no idra of its 
age. When I saw it, it had for aome time been consiipied to 
that depodtory for all nseless lumber known in engineering 
cetabliabments as the “ scrap heap.” Many rude forms of slow- 
motion gear have, doubtless, b^n devised in the early days 
of the modem lathe, but most of them, probably, have never 
been known outside the workshop where they wore originated; 
and they may be classed with the numberless little ingenuities 
and improvements that are oontinaally being called into exist- 
cnoe by tbs cunning brain of the clever mechanic, and which 
inventiona form but a very small part of his weekly labours. 

The double gear as now employed leaves very little to be 
desired; it ie simple, thoroughly efficient, is easily put into and 
out use, and when not wanted, it is not in the way or inoon- 
ventont.^ For mnall fast-running lathes the wheels ehonld be 
mao^e out, that is, their teeth should be out out of the solid 
metal by a wWl-outting m ach ine, os this causes them to run 
smootiily and with litlie noise. It is also a very common 
pmeUce to make ike wheds with obliqne tooth instead of the 
usual sqtuuw teeth, and no donbt endh wheels are well adapted 
to tts fucpose, as they gear with saoh other evenly, and x«m at 


a high speed with very little tssmor or noise. For large lathes 
the geor-wheele are ordinary well-monlded apur-wheela, chucked 
with reference ohi^y to the teeth, and turned up true upon the 
face and ndes of the tootiied rfm. Sncth wheels are euffieiently 
aoonzate for the purpose, and aa they do not run at any great 
ap^ they do not make mnoh noise in working. The most 
usual mode of ooimeoting the large wheel on the lathe-spin^ 
with the oone-poU^, is by a sliding screw or bolt paeiiag 
tlwongb the spur-wheel, and having a T-head inside and a 
waeher and nut ou the onteide of the wheel. The oone-pnlley 
ie aoourately mounted upon the lathe-spindle, and is oast with a 
flange on the side acting agiunst ilie epnr-wheel, and in this 
flange is out one or more epaoes for receiving the T-head of the 
aWrii^ig bolt. When the spindle haa to run at the fact speed 
the wheel and pulley ate oonnooted by eliding the small bolt 
outwards until the head of the bolt falls into the space out in 
the pulley-flange, and in this position tho bolt is kept by tighten¬ 
ing the nut ou its outside estrem%. When tho spindle is 
wanted to rotate at a slow speed, and independentiyof the lathe- 
pulley, ibe nut is loosened and As bolt slid outside of the space 

out in the 
flange, when 
the nut is 
again tight¬ 
ened. For 
light fast- 
running 
lathes using 
this mode of 
oonnootion,it 
is aa well to 
balanoB the 
momentum 
of the sliding 
bolt by a 
counter- 
weight oast 
on the spnr- 
wheel on the 
other aide of 
its axis. If 
this is not 
dune the lathe 
will shake a 
great deal at 
high speed, 
and cause 
undnowearof 
the bearings 
of the lathe- 
spindle, aa 
weilssdanger 
to slight and 

ocourato work. In soma lathes tho connection at will between 
tho wheel and pulley is formed by a soiow passing throtrgh tho 
plate of the wheel, and sorowing into tho metal of tto pulley. 
This screw is removed altogether when the slow-motion geor is 
used, and at snoh times the screw is very likely to be misplaced 
and lost; altogether, snob a oonneotion is not to bo recom¬ 
mended. Another mode of oonneotion much better adapted to 
light lathes than either of tho previous is that of frictional oon- 
taot, caused by jamming the pulley against the wheel by means 
of a large nut and sorew-thread upon the spindle at the other 
side of the oone-pulley and email pinion. The oonneotion is 
I made by screwing this nut tight up against the pinion, thus 
^forcing the pulley against the epnr-wheel; and the two are die- 
oonneotod by screwing tiie nut backwards against a collar on 
the lathe-spiudle, so that the pulley, being no longer jammed 
between the nut and wheel, ie enabled to rotate freely upon its 
spindle. This latter oonneotion is very easily made and unmade, 
and the balance of the moving parte is not affeoted in any way. 
The reader knowing a little ot meohanios will pyobably aak 
. why a aeries of wheels are used to reduce the speed and inoreas o 
I ^ power, when a siugle wheel with an endlm soxew gearing 
' into it would do ao with mnoh less oomplioation, and thia 
obvious simplification appears so plausible that it has been 
many timas tried- The fiiotitm, however, of the worm and 
wons-wbeel is muck gnatsr tiiaa that the trsin whsela, 
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and •baoibi' so mnoh of the driTiag that the latter 

meohaainn ia for auoh pnrpoaea almost always used in pre- 
ferenoe, notwithstanding the simplioi^ of tiie former. This is 
not, howeror, the case when a redaction of speed is the only object 
to be attained, and very little resistanee hM to be overcome. 

The power a man can exert in treading in the manner re- 
onired to give motion to a lathe ie after all but very little, and 
althoogh this may bo multiplied by moans of the mechanism just 
described, the range of such mechanism is much too small for 
the purposes of the meohanical engineer. A man on ordinary 
work would probably exert in trea^ng a lathe a force equal to 
about 2,000 to 3,000 poimde raised one foot high in the minnte. 


to give teonhle by becoming too alack to transmit the power, 
and a good deal of the belt will eventnally have to be cut off. 
The mds forming the joint shonld be out rather thinner, so that 
the joint shonld not be too thick and clumsy, and if a little 
oil end powdered resin be thrown between the eurface of the 
belt and pnlley, it will hasten the production of a good working 
8nrfa«e to the belt. This is a groat desidezatam, as new belts, 
being hard and stiff, cause a great deal of tttonble by*elipping. 

When lathee are driven by steam, there is usually a main 
driving-shaft mnning through the workshop, and from this the 
power is transmitted to an intermediate shaft placed a few feet 
over the lathe-pulley. This intermediate shaft ie driven at a 


A horse-power is invariably as¬ 
sumed to bo equal to 33,000 lbs. 
raised the same height in tho 
same time, so that in treading 
a lathe a man only exerts a force 
equivalent to 83,000 -r 8,000 •=: 
one-eleventh of a horse-power. 

This force aided by the double 
gear is enough for ordinary light 
metal turning, but when heavier 
work bos to be performed it be- 
oomes necessary to employ either 
more mon or some other motive 
power, such as that derived from 
awater-whoel or tho steam-engine. 

When light work is the rule and 
heavy work the exception, and 
stoam-power not at hand, it is in 
some cases advisable to employ 
two or more men; but in other 
oases steam or water power is in 
every way cheaper and more eon- 
venient. When mon ore employed 
they can either drive the lathe by 
means of a large wheel, as already 
described, or they can exert their 
strength upon tho lathe-trcadlo. 

When the treadle is used in tho 
ordinary manner, it is plain that 
the foroe can only bo applied dur¬ 
ing the downward stroke of tho 
treadle-board, and if much power 
be applied a very heavy fly-wheel 
must be employed to obtain tho 
momentum neoessary for carrying 
the crank onwards during the re¬ 
mainder of the stroke until tho 
pressure can again be put upon 
the treadle-board. To obviate 
this necessity, and allow of the 
more effective employment of two 
ormoremen, lathes oreconstmoted 
with two or more treadles, and the 
treadles are so arranged that ouo 
shall be rising whilst the other is 
hoing pressed downwards. Fig. 11 
illustrates a lathe having such. 

means of receiving the driving power, pcctonted some years ago 
by Messrs. W. Hnir and Co., Manchester. The manner in which 
the treadles ate arranged is plain from the flgnre. The lathe 
shown has double treadles and cranks, and the two aro connected 
by means of endless chains passing over tracks or small rollers 
with a view of lessoning friction. This lathe has cast-iron 
standards and cast-iron bed. Tho driving-pnlleys are grooved, 
sad the motion is communicated by a gut. Tt also has double 
gearing, and anlntemd sorew-pnppet, and is altogether a plain 
end serviceable lathe. 

Gut-driving bands are used only for light lathes, for whioh 
they are eectremely well suited. Heavier lathes, requiring more 
power, ate driven generally by means of a flat leather belt, and 
the latee-pnll^s are also ojado flat instead of being grooved. 
"Bother belts are strong and durable; they run quite noiselesely, 
s^ can be mads to transmit any amount of power by having 
th^ of a anitehle width. They ehonld, however, always bo 
Well stretohed before being out to the zeqniied lenglii, as other¬ 
wise it will be many montiu before a Mw lathe-belt will cease 


constant speed by a leather belt; 
but it also oorrioB a cone or 
stepped pulley corresponding to 
tha^ on the lathe-spindle. The 
position of this countershaft and 
the mode of driving the lathe are 
shown plainly by Fig. 12, whioh 
scarcely needs any further descrip¬ 
tion. In tho figure the counter¬ 
shaft is shown with two sots of 
pulleys, in all six pulleys besides 
the oone pulley. It is therefore 
necessary to say that for driving 
an ordinary plain lathe, only one 
set of two pulleys is required, and 
the usee of the remaining pnlleys 
will be shown hereafter. Of the 
two pulleys used, one only is fas¬ 
tened to the conutershaft; tho 
seoond is simply placed upon it 
without being keyed to it, so that 
the shaft and pnlley may rotate 
quite independent ea;^ other, 
'^e fixed pulley is termed the 
“ driving-pulley,” the loose one is 
termed the “ i^e ” pnlley. The 
idle pulley ia kept ogsinst tho 
other by means of a collar on tho 
oounterahoft. There is a third 
pulley on the main shaft of tho 
workshop of a size depending npon 
the speed of tho shaft and the 
required speed of the lathe. A 
leather belt, rather narrower than 
one of tho oonntershaft pnlleys, 
passes round the main driving- 
pulley and the counterahaft-pnlley. 
Snppose the main shaft to be run¬ 
ning, the leather belt would ob¬ 
viously communicate Gie motion 
to the pnlley of the counterdiaft 
upon which it was mnning. If 
the belt were npon tho fast or 
driving-pulley of tho intermediato 
' • shaft, the shaft itself and conse¬ 

quently tho lathe would bo rotated 
also; but if the belt wore running 
upon tho idle pulley, that pnlley would alone rotate, and tho 
countershaft and lathe remain still. IHtis expedient of fast 
and loose pulleys is the one generally adopted for starting and 
stopping the lathe driven by any external motive power, a lover 
and slide with a fork embracing the belt being employed for 
Ltransferring the belt from one pulley to the other. By this 
means the motion is gradually imparted to tho lathe and work, 
and there is no injnrions shook or strain given to any part, nor 
is tho stopping or starting attended with any disagreeable noise. 


BUILDERS’ QUANTITIES AND MEASURE- 
MENTS.—V. 

BV E. VrVNDHAU TABN, M.A. 

ABSTBACT OP DIMENSIOWS. 

We now give on abstract of all the dimensions tabnlated 
in tho last lesson (page 68), so as to show how they are to bo 
prepared for bringing into bill 
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ft 
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38 0 

37 


166 


135 


31 


6 in. conerate 


floor. 


Bnperf. ft. 


6)446 . 


48} yds. 


6 in. oement 


oottoxote. 


ft. 


6)32 6 


' S^yds. 


6 hi. ditto in 


walls,inolodg. 


naa of oppa- 


mtiu. 


ft 


6)181 6 


21^ yds. 



ABRKMT. 


Supetficial. 






Add. 

Add. i 

Ddot 1 

Ddct 

Ibk. 

14 bk. ! 

Ibk. 

14 bk. 

ft 

It. 

ft 

ft 

94 
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72 

59 

47 

47 
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29 

47 

23 6 

IS 

10 6 
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11 
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j 
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080 6 
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1 

1 
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i 
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1 1 
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2 
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i 
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2 



5U 

3)585 
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Superf, 

Aiphulte. 

tt. 

86 1 

U. nwgiag. 
ft. 

161 
IMS 
6)605' 8 


34 yds. 

lUb trimiaet. 
10 6 
7 6 

16 0 

Sfitiin fadUic. 
ft. 

8)m 5 
eSjf yds. 

Halm cutter 
ardi, 
ft. 

76 8 

1 bk. vault, 
ft. 

6^ 6 
7§yda..J 


I Snperf, 

I Tuck pototiug. 

I ft. 

I 6)1006 

j “ US yd*. 

{I'lat Jt. poSstc. 

I ft. 

0)6077 
~23iyds. 


Splay. 

ft. 

30 S 

l-iuch 
paving 
in cement, 
ft. 

9) 895 6 
99| yda. 


>...bk. on edge 
paving. 

ft. 

9)35 9 
4 yda. 


Buss. 

I. hooping, 

8 )1138 
376 yda. | 

W. I. chimney 
bar, 2^ x 
45 ft 

Chamfer to 
bilckwodt 
31ft 

Double ^ 
eteaaiug. 

S3 ft 

Extra to hk. on 
edge coping in 
cement 
65 ft. 

6>in. pipe drain. 
60 ft 

Chase for 
B. W. P. 
ft 
22 6 


Noa. 

Flues oorad. 

6 

Chy. pots. 

I ® 

I 

; Bettingrange. 

I 1 

I 

; Betting tfeof 61 

1 * 

I 

I Beddg. and 
pointg. 
frames, 

13 

Air-brioks. 

8 

6-in. junctioi 
to dnia. 

3 

6-in. bond. 


6-iD. syphon- 
trap. 

1 


Tho abatroot is now ready for bringing into bill, which being 
the last prooeaa in the operation of taking out quantities, or of 
meaanring work that haa boon oxoonted, is not performed nntil 
the whole of the trades have been abstracted ; wo shall, theru- 
foro, place the bill at tho end of this series of lessons, and then 
bring all the trades together into one bill. 

TILEK AND SDATEB. 

When tiles or slates are used as the covering for a roof, the 
measurement is nearly tiie same in every cose, being taken by 
the square of 100 superfioial feet. In measniing pl^ tiling, 
take the length along the eaves by tho dopth on the slope, with 
6 inohes over if there ore dripping eaves, and 4 inches for other 
eaves. Measure the length of tho valleys by a width of 1 foot, 
and add it to the superfloial area; also take the length cS all 
cuttings by 3 inches wide for a superficial meaaurement. 
Desoribe tho width wluoh the tiles show on the face, whether 
3 or 4 inohes, the kind of laths, noils, etc. Where &ere is a 
barge-board to the gable measure its length as run of heading. 
Flat roofs formed of plain tiles, of two or more oonrsea in oement, 
are measnrsd also by the square of 100 feet. Ornamental ridge 
tiling is token by the foot nm, and its oharaoter or pattern 
deaotibed. by a sketoh in tire margin of the bill; other ridge 
tiling or hip tiling is tskmi in tho same way. ^ 

Ornamental or i»taat tiling is measured by the square, and 
daeoribed, or a sketch shown. 

, Pu-tUing is taken by the sqnoie, bat no allowance is to be 
mnds.foB oaves t the gauge is stated, and.whether laid dry or in 
mertor I also if pointed on the outside. Heading to gable-ends, 
ridges, hips, and valleys, filleting, eto., are taken by the foot run. 
TIue iAa number of the hip^hooks and T-nails, inolnding painting. 

When » triangular piece of tiling or elating has to 
ia«wared>.M in a hipped roof, take the length of the eaves by 
hnlf the depth of the slope, measured at right angles to the 
line of the eaves. 

There are several kinds of slates used for roofing purposes, 
and the quality must therefore be desoribed ; the measurement 
ie the aame os for tiling, by the square. 1%e amount of lap, 
and kind and else ^ noils used, must also be stated. In 
taking the width of the slating, allow on extra amount equal to 
tire gauge of the slatea, if laid doable at the eaves. Slating is' 
sometimes pointed on the under side with mortar, which is 
fnoladod with the snpor&cial measurement, and must be 
deeqirijwd. Deduct all <>pa»iiv> in the slating for dormers or 
ohIithMya, and meseoxe ^ cutting, the length by six imhes in 


width, adding it to tho superficial measurement. Circular work 
can either be moasurod net and described, or an allowance of ono- 
third extra can be made for it, and added to the plain work. 

If slating is laid on asphalted folt, the felt is measured sepa¬ 
rately, by the square. Sawn slate hips and ridges are taken by 
the foot run. Slate slabs, when used as shelves, oistoma, stops, 
etc., are taken by the foot superficial, describing the thioknesa, and 
wh^ber planed or rubbed. Druuving, moulding, rounding, etc., 
to sawn slate is taken at por foot mu, describing the thickness. 

The following dimensions will servo to illustrato the measoro- 
ment of tilers' and slaters' works:— 


2) 31 6 1 


Plain tiling, showing 4 

11 4 1 

003 0 

inches, on double fir laths 

__ 1 


and wrought noils. 

IS 0 


Add hip. 

7 4 

110 0 


16 6 


Add valley. 

1 0 

19 6 



1032 6 


2) 14 0 

28 0 

Hooding to bexge. 

31 6 

31 6 

1 

Ornamental ridgs tiling. 

6 6 

] 

Flat root of 2 ooutaoe plain 

6 6 

61 9 

tiles in oement. 

8) 31 6 

1 

Fan-tiling to e lO-inoh 

14 0 

882 0 

gauge, bedded in mortar, 

—— 


and p^ted. 

2) 14 0 

28 0 

Heading to barge. 

23 0 

28 0 V 

Cement filleting. 

45 0 

i 45 0 

Elp .and lidfa tllan in 


1 

' oement 


Ko; and poinfiag. 
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924 0 


7 0 
967 6 
9 0 



921 0 

30 0 
21 0 


Cottotaa ■latinK, 2| insli 
lap, two l^-iiuih copper 
Halil to each elate, oud 
pointing the undenide. 

i.dd for catting to hipi and 
▼oUire. 

Ditto ditto round efaimnejr. 


Ddct. opening for ohimneje 
■tack. 


Ddct. akylight. 


8uwn elate hip and ridge, 
and fixing with white lead 
end copper eorewe. 

Aaphaltcd felt laid under 
elatee. 

j-inch lawn slaie ihalf, 
planed. 

Bounded noeing to j iheM. 


ABBIBACT. 


81 

6 

14 

8 

a—— 

18 

0 

1 

0 

15 

0 


6 

G 

0 

1 6 

5 

0 

3 0 

45 0 

31 

6 

14 

8 

24 

0 

1 

3 

24 

0 

a—— 


Supert. 

Plain tiling, 4 inch 
on face, doiiklo fir 
lathe, wrot. nis. 
ft. 

100)1032 6 

10^ eqre. 

Superf. 

Flat roof of 3 conrHoe 
plain tilee lu couiont, 
ft. 

61 9 
Bun, 

Heading to barge. 

ft. 

26 0 

Otnl. ridge tiling in 
cement. 

a 

31 e 


OPTICAL 


Suporf. 

Foutiliug, 10 • inch 
givuge, in mortar 
aud {lointud. 
ft. 

100 ;SK'’ 0 

Bun. 

Heading to barge, 
ft. 

26 0 

Comont diluting, 
ft. 

2$ 0 

Hip and ridge tile in 
cement. 

ft. 

45 0 

No. 8 hip-hooka ond 
painting. 


Snporf. 

Countcae elating, 24 
lap, two 14 inch 
copper uIh., and 
pomting uudereide. 
ft. 

100)^3 6 

9 sqm. 44 ft. 

j-inoh aawn elate iheU 
planed. 

ft. 

30 0 

Aapholted felt, 
ft. 

100)^4 

9| aqia. 

Ban. 

Sawn alate h^ and 
ridge, fixed! with 
white hud dpooppet 
eorewe. ' !' 

45 ft. j 

Bounded noetng to 
|•tnoKxhe^i 

24 ft. ' 
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BY sauuzi. BTOHIiET, Y.G.S., BTO. 

SOUBCES OP AKTIFICIAh LIGHT <c<mK*««d), , 
Oatomeiert and Oasholders. —Aa the Ume-llght is employed 
hy the photographio enlarger oa well as the lantern exhibitor, 
the apeosol reqoiremente of oaoh mnet bo oonaidered when 
■eleoting an outfit. A lantern exhibitor in the oourae of « oonple 
of houia oompletely uaea up tho six or eight onhio feet bia boge 
m atored with 1 not so the photographer, who often only brisga 
m apparatoB into uae for a few minutea, and cdten with many 
flhya’ interrol. Now it ia well known that, if tho gaaca are kept 
m boga for eeveral daya, botji oxygon and hydrogen will be 
fonnd deteriorated in quality, throngh atmoapherio a.ir having 
^Bod, by an endoa> and exoa>motio action, throngh the porea of 
the eloih and mixed with tho contained gas. Again, aa the 
Sf**i_**® fwldoni rendered chemically pure, if they ore loft in 
the hoga for any time the india>rabl^ oMA ia attacked, and 


after a little time ia rendered rotten, by ttieir oorroaive action, 
eapOoially in the Caae of oxygen, which aeldom oomea over with¬ 
out traooa of free chlorine, hletal reaervoira are, therefore, 
better suited for tho work of the photographer, os portability ia 
not an eaaentiol, eapeoially aa tbsy eon be put into a neat and 
oompaot form that stands in a fixed poaition ever ready for use. 
But there is still 
another oJasa of 
operatora to whom 
goaometers or gas¬ 
holders wonld be 
preferable to gae* 
bags, namely, thoao 
who raeide abroad, 
for the xeeson that, 
in very hot <nr very 
cold climatea, india> 
rubber cloth rapidly 
deteriorates in 
quality, or oraoks 
throng being hard* 
ened by a oontiua* 
ouB low tempera¬ 
ture. Again, in 
places infeatod by 
cookroaohoi, thoae 
invertebrate gour¬ 
mands manifest 
enoh an extreme 
affeotion for gaa- 
baga, that if they 
get the chance of 
making their ao- 
quaintauco they 
never fail to “ make 
them one of them- 
Bolvea.” 

In a paper road 
before the Society 
of Arts in 1863 (joet 
after the olnae of the 
International Exhi- _ 
biiion, where I dii-^ 
played the appara- 
tna referred io), I 
deaoribed and figured a form of gasometer hero reprodnood 
(Fig. 57), whieh would be found extremely useful in a pho- 
togiapber’s enlarging room, oa it not only stores the oxygen 
for on exy-oalcium jet, but forma a solid support for the 
enlarging lantern. This I originally designed for a profoasor’a 
leotnre-room, where only small quantities of oxygen were re¬ 
quired at a time, for the display of an oooasioi^ diagram ia 
iiiustrating a oourse of leotures, 
and to avtfid the daily or fre¬ 
quent prodttotioa of oxygen. 

Fig. 58 ahows how I contrived 
this arrangemmt, so that the 
lantern 00 ^ be padked in the 
body of the gasometer for tra- 
vdl^ig, if necessary, a matter 
of oonsideration for tbaNwants of 
the Indian colleges, where the ap¬ 
paratus ia sent from one prof assor 
to another, at distant stations. 

^ When unpacked and arranged 
for uae, as shown in Fig. 57, it 
will be seen tho **bell” that 
holds the gas ia square instead 
of oylindrical, the form ia which Fie 58 

gasometers ere usually made, * S- ■ 

slides up and down, in a double casing, shown in seotim-in 
Fig. 68, that ia filled with water, to form an air-tight watengoint 
for tho rim of the bell, and to reduce the bulk of water required 
for this purpose to a minimam. Tho boll and water reservoir 
are both mode of sheet'zino, the reservoir being etrengthenod 
and protected by an outer casing of wood that forms a {lacking- 
case to tho arrangement (as shown in Fig. 68).^ Four iron rods 
fit into wooden fillets; on to the rods the flap lid of the packing- 
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OMM ia KKewsd, to fom a table for lantern and apparatne. At 
tbe top comer of each rod a pnlley-wheel U insert^, over vUob 
oorde attached to the fonr comere of the bell peas; to the ende 
of ea(di oord oounterpoiao weight* are enepended to keep the 
bell firom “ wobbling.” A etop-oook ie inserted in the middle of 
the top of the bell by which the gaa » 
introdnoed, as well as drawn off. Before 
filling a gasometer tbe bell moet bo 
pushed down till its top comes in contact 
with the water that coyers the roof of the 
reservoir, so that all air may be first driven 
ont. When in work the neoeasary weights 
are placed on the top of the bell. \^en 
packed the four rods are strapped together, 
and the whole packs into a space of 15 
inches square by 24 inches in height. 

In tho arrangements for storing gas, pre¬ 
viously described (witii the exception of 
the self-acting hyiogen generator), pres¬ 
sure has been obtained by tho employment 
of iron weights, etc. I shall now proceed 
1 to discuss the merits of gasholders wherein 
water pressure is used. 

Tho first arrangement I shall describe 
consists of an inner closed chamber, o 
(Pig. 69), that receives the oxygen gas, 
placed within, and communicating by open¬ 
ings at tho bottom with an outer one of 
equal capacity open to the air. At starting, 
tho inner chamber, o, is filled with water, 
which is displaced on introducing tho gas 
through tbe tube i, being driven into tbe 
outer chambw, and carried away by a waste-pipe at p, to a 
pail or sink. The outer chamber, w, remains fall of water. 
The height of this apparatas should be abont five feet, and 
the diameter of the inner chamber one foot. On connecting 
the inner chamber with the jot, and opening the tap T, the water. 


height would give a pressure of 15 lbs. on the square .in<sh. 
The gasholder represented in Fig. 60 ia made portable for 
travelling by arranging the diameter of a to be somewhat leas 
than that of b, bo that the former can pack ii^de tiie latter ' 
when tho taps, B, T, and the tube. A, ore unscrewed and the two 
‘chambeVs disconnected by unscrewing the 
three pillars that support them one above 
tho other when fitted up for nse. 

The secret of safe moMipulation does not 
rest so much in the ooustruotion of tho 
jets employed for the lime-light as in a 
perfect perception on the part of the 
operator that atmospheric air must never 
bo allowed to mix with the gases: there¬ 
fore both generators and gas-ba^, etc., 
must be perfectly emptied of air before 
commencing work, os previously described; 
that presBuro must be constantly kept 
upon the gas-bags, gasomotors, or gas¬ 
holders, before their taps are opened, and 
during tho whole time the gases are 
ignited at tho nozzlo of the jets; that 
when tho two gases ore employed with 
the oxy-hydrogen jet, an equal pressure 
must be kept upon each reservoir, for 
if tho pressure becomes unequal, either 
through having a weight on ono roeop- 
toole and not on tho other, or through 
having a hundredweight on ono and a 
half-hnndredweigbt on the other, or sot¬ 
ting up unequal pressure through nneqnal 
lovorago by an improper distribntionof tho 
weights, or hy one pair of pressure-boards being longer than the 
other, or converting bnman beings into weights (most dan- 
gerona anhstitutes), oto., then the gos on whioh there ia the 
greatest weight or loverago will bo forced over to tho other 
gas receptacle as soon as a froe eommnnication is esta- 


pasaes from the onter to the inner cham¬ 
ber, and rising, drives out the oxygon 
under a pressure whioh, however, ia 
constantly diminishing. Of oonrso this 
action would come to a stop when tho 
water finds its level, unless tho water 
previonaly displaced can be returned to 
the outer chamber; and this may bo 
effected by putting a paU, filled with 
water, on a shelf placed at a suitable 
height, and letting the water flow into 
the onter ohambors of the gasometer, 
till both oompartments are again filled, 
and the innwr one emptied of gas. By 
proper adjustment of the flow, by means 
of a small baU-oook arrangement, a con¬ 
stant pressure could be obtained. 

It ia a question, however, whether 
a Pepys’ gasholder, modified so an to 
make it portable, would not bo a pre¬ 
ferable arrangement, espeoiolly for re- 
pliudng gas-bags in foreign olimatos. 
This likewise eonsists of two ohambers, 
as shown in Fig. 60, otaly placed over 
instead of being parallel with each 
other. The oomputment o is filled 
with water from the reservoir, B, till it 
mas over at the tap, s, whioh is then 
olosed, as ia also tap, t. The de- 
livery-tnbe of the gas-generating apporu- 
tns is introdnoed into a tnbnlar opening 
at A, tin the gasholder is filled; it is then 
removed, and A is olosed with a sorew- 
<»p fitted with a washer. The reservoir. 


blished through tho oonneoting-tnbes 
when tho taps are opened, and an ear 
plosive mixture will bo formed, whlon 
most assuredly will ignite, should the 
weight bo removed from the weaker bag 
or other receptacle while the gases ore 
burning at the nozzle, and an explosion 
of oonsidorable force will then result. 
Nearly every accident of tho natnre here 
indicated, of which I have been able to 
trace the history, has resulted from in¬ 
attention to these simple rules, through 
weighting tho bags with things of inde- 
finito weight—suoh as a fender on one 
bag and fire-irons on tho other—^thon 
trying to correct tho defectiveness of 
tho light by pressing the bogs with the 
hands, which has resulted in an explosion 
as soon as the hands have been removed. 

One curious oiroumstanoe connected 
with such explosions is, that I Lave 
never hoard of their cansing personar 
injury; though the pressore-boards have 
been shattered to q>linters, a heavy 
door taken off its hinges, every pane of 
gloss in the windows of the room blown 
out, yet, with ten or more people stand¬ 
ing round the apparatus, not one has 
been hurt. I believe tW, if a snf- 
floient pressure wore kept up on a 
bladder filled with a mixtim of oxygen 
and hydrogen, the gases might be 
ignited at tiio nozzle of the jet with¬ 
out fear of on explosion. T^ whole 


B, is* again filled with the water displaced from o, the tap, t, 
iaopen^, and on tile stop-oock, e, being opened the gas is driven 
ont under pressure. The amount of pressure may bo varied 
aooording to the height the water reservoir, b, is placed above 
the bottom of the gasholder, Or bnt a tube three feet in height 
woold give mffioient for all ordinary purposes. Whatever be 
tha vise ot shape of a gasholder, a column of water 83 feet in 


secret of safety lies in a nntsbell. Keep ttie oxygen and 
hydrogen in separate bags; alleys have snfilaient and equal 
pressure on both bogs, and never remove the weights from 
either bog while tbe gases are bnming. As it ia simply im¬ 
possible to form an explosive mixturo with tbe oxy-oaleiam 
arrangement, of oonrso I enforce the above rules in reference to 
tho nse of the ory-bydxogen jet. 
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MINING AND QUAERYING.—XVI. 



BT OKOsaa aiiAJDSTONB, r.0.8. 

TIK (conUniMd). | 

KIKIHO UBSBB TBE SXJL — DUSSXKa-riiOOaS — STBlfPIKa I 
— WABHINa — TANUIlfO — CALCINtNa — BKPABATION OF 
WOLFBAU—BLACK TIN—SAXFLINO—TICKBTINa. 1 

UocH ingennitF and ipirit ia exhibited by the nuBera of Corn- | 
-wall and DeTonahire in the poraait of the nndergroand riohea. ' 
In many inatanoea, too, they hare 
shown a remarkable amount of daring, 
and of peraeFeranoe nnder oircum- 
stanoeB of no ordinary difficulty. 

Th^qsishbonrhood of Fenzanoe waa 
tbo Boene of one of these, where, to¬ 
wards the oloae of tiie last century, 
when the soienoe of enpneering waa 
far behind what it is now, a working 
miner oonoeiTed the project of opening 
a mine on a mad-bank, ooFered by the 
tide at high water. A Fery rioh lode 
of tin waa known to paaa under the 
inlet of the sea, beoanae it oould bo 
traced in the land on both aidoa of 
the bay, and had long been worked aa 
far aa it was ezpoa^ on the fall of 
the tide. The spot fixed upon for the 
workings was about 700 feet distant 
from the shore; and hero the shaft had 
to be carried upwards till it reached a 
ISFel aboFO that of the highest spring 
tides, as well as downwards into the 
rook.: here exposed to the Fiolonoe of 

the waves, and to the constant percolation of the water through | 
the woodwork of the shaft, as well as through the fissures of tiie | 
rook, ore to the Faluo of ^70,000 is said to haFe been raised, j 
An American ship, unfortunately, droFe against the works one j 
day in a storm, and this romantically situated mine came I 
to an untimely end. 

Another mine, 
from which a large 
quantity of tin os 
well as copper has 
been extracted, ia 
situated at the ex¬ 
treme point of land 
OForlooking the At- 
lantio. Theontranco 
to Botallaok mine is 
about midway be¬ 
tween the top of 
the oliff and the 
sea; and the nnder¬ 
groand ezeaFations 
follow the lodes out 
seaward to a dis¬ 
tance of about 500 
. feet. Not only do 
the miners here run 
the risk of cutting 
into some fissure 
which would admit 
the sea-water at a 
greater rate thanthe 
engines could pump 
it out, which would lead to the mine being irremediably drowned; 
but the exposed site of the shaft-heads, with their engines and 
other worln, which are dotted about the face of the cliff, greatly 
enhanosB the cost of the works and the labour of the miners. 

When the tin-stone has been brought to the surface, or to 
gross 04 it ia locally termed, it has to undergo a Fariety of pro- 
osssos to prepare it for the market, which are all included in the 
general term “ drassing.'* Most of these ore more or less de¬ 
pendent upon the great weight of the ore as compared with the 
lAngne, or earthy part of the lode. The only article commonly 
•Bsooiated with the tin which ie its riFal in speoifle gruFity is 
'wolfcam, so that when this is present epeoisl means haFB to be 
^Abpted for ita aeparation. 



Water is the most indispensable article at the dressing-flonrs, 
and if a largo natural supply is not at hand it must be brought 
to the spot. The level at which the water is brought in should 
be considerably aboFe tiiat of the floors, as a good fall is alwa^-.; 
adrantageous. 

The ore arriFes at the surface in lumps of Farions sizes, and 
just in the condition in which it has Imen shoFclled np after 
a blasting—associated with much dust and dirt. It is tWefore 
onstomary to wash it first, by passing a stream of water through 
the heap, which carries away the use¬ 
less substances. It can then bo readily 
seen what pieces of the stone are Falue- 
lesB, and these are picked out and 
thrown aside: other lumps may con¬ 
tain a portion of tin-stone associated 
with a good deal of rubbish, and these 
are broken with a hammer into smaller 
pieces, and the nsoleas portions re¬ 
jected. All the larger lamps of tin¬ 
stone are broken np at the same time 
into pieces of more oonFcnient size, 
preparatory to their ondergoing the 
neirt operation. 

The ore is so generally disseminated 
throughout the gangne, and consists 
of snob fine grains, that it cannot be 
separated by band; and in order to 
free it from the earthy substances, 
the whole of the atone mast be finely 
pulFerised. This is ordinarily done 
by stamping. In former times the 
stamps were driren by water-power, 
but now the aid of eteam is moro 
commonly accepted, and much larger stamping-miUa are now to 
be seen than when water was the motiFC power. 

Fig. 7 will serre to iUustrate the simplest form, constructed 
for the most part of wood, and driren by a water-wheel. Fig. 8 
is the section of an improFcd form. The stone to be omshed is 

sniqjhed gradually 
froifi the hopper, 
A, by the agency 
of the water whioh 
pours from tho 
launder b, oarrying 
tho stone witit it 
down the slope into 
the cofer c, where 
it comes under the 
stamps, and is 
crushed by them 
until fine enough 
to pass through the 
gratings ats. These 
are usually made so 
fine os to contain 
160 apertures in the 
square inch. The 
stamp-head, x, is 
always made of 
iron, and in the se¬ 
cond diagram it is 
attached to an iron 
tod, whioh works 
through guides, F m, 

« by which its action 

is steadied. The mode of arranging the cams for lifting the pestles 
is best seen in Fig. 8, where it will be found that they arc so 
placed upon the drum, os to produce a constant nnifom strain 
upon the driring apparatos: attention to this point not only 
economises power, but aleo prerents unneceasary wear and tear. 
In large works there will be 100 or more stamps, and each 
stamp-bead will weigh about five hundredweight. 'V^eif steam 
is tho motire power the stamps are driven very quickly, each 
head giving from forty to eigb^ blows per minute, according to 
the nature of the rook to be crushed, with a fall of seven to eight 
inches. The water whioh flows through the oofer not only feeds 
the stamps on ike one side, and eorries off the powder^ rook 
through gratings on the other, bat also aervea the important 
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pnipoM of keepinj; the atamp-heede oool. Whm the tin-etnff 
ia enffidestly pulTeriaod to paae through the gratinge, it ia 
earned bjr the water down tite trough, a, whioh leads to two 
baeine, one in front of the other. Ihe heavier portion, or 
“ roughs,” oonaisting of little elae than oxide of tin, is deposited 
in the first basin, while the lighter portim, <» " slimes,” is carried 
forward to the second. Both deposits are anbjeoted to further 
washings in order to remove the earthy portions; for which 
purpose a great variely of difEerent machinee have been in¬ 
vented, all, however, based upon the principle of the more rapid 
snbaidenae df the metalliferona portion as compared with the 
rook, when agitated in water. 

How certainly it acts may be illustrated by the simple process 
of vanning, which is frequently adopted when it is necessary to 
ascertain roughly the character of a pile of stuff from the stamp¬ 
ing-mill. A little of tile pounded stone is taken up on a shovel 
t^t is rather hollow in the middle, and then by causing a little 
vibratory motion, and dipping it at intervals under the surface 
of some water, the contents are separated; the tin ore collects 
on one side of the shovel, the copper ore in the centre, and the 
waste, whioh is the lightest, on the opposite side. 

The rack or frame is but an adaptation on a large scale of the 
vanning-shovel. It consists of a long table on a slight incline, 
down whioh the sUmes ore carried by a gentle stream of water, 
the mixture being continually agitated either by an attendant 
or by machinery. The purest 
ore, called "heads,” collects 
at the upper part of the 
table; a second quality, or 
middles, lower down; while 
the tails occupy the extreme 
end. The middloe are 
usually* submitted to the 
same piooess a second time, 
but ^e heads are suffl- 
oiontly pure to render this 
unnecessary. 

Any wolfram that may be 
mixed with the ore will be 
found in the roughs and 
heads, being slightly heavier 
than the oxide of tin itself. 

Copper and iron pyrites, 
which are oommouiy found 
in all lodes, remain more or 
less mixed with the tin-stuff, 

08 their specific gravity 

varies from 4'2 to 5'0 ; and many of the ores contain araonical 
pyrites also, colled “ tin whits " by the minors. Those various 
substances must bo thoroughly separated, and with this object 
the ore is sent to the calcining furnace. This is made on tiie 
rovotboratory principle, as the flame from these furnaces is 
highly oxidising. The ordinary form ia shown in Kg. 9. 

Tlio crushed ore is first put into the drying-bin, a, where it 
remains till all the moisture is driven off, when it is allowed to 
faU through the funnel B upon the hearth. The fumaoe is got 
up to only a very moderate hoot at first, and thet^gradually in¬ 
creased, care being taken not to exceed a dull red heat, or 
otherwise the ore would begin to cake together, which would 
entail both trouble and expense in reducing it again to a powder. 
The workman rabbles the ore ovary twenty minutes or so, for 
the purpose of exposing all parts of it more thoroughly to the 
action of tto flame, and the process is repeated until the white 
fumes, which have been given off in quantity, cease to appear. 
These fumes contain mucli of the sulphur and the arsenio, whioh 
have been expelled from the pyrites; and they are carrifld 
through a long series of ohambers, c, in which the arsenic is de* 
posited OB uooling before reaching the oynmey, Ibus an article 
of value is obtained, whioh, if allowed to escape at once into the 
air, would haVe a ve^ deleterious effect upon the neighbourhood 
around. The ore, when sufiScdently calcined, is raked through 
the q})irimel x> into the vault below; and is there exposed to the 
notion of the atmosphere for a few days to promote the oxidation 
of the remaining ^phidsi into sulphates. The latter, being 
nadBy soluble ta water, axe .then removed by washing. The 
ora is subsequently racked agaus ^ the same manner as -pro- 
TkNuly to oaloinaticm, and ia then fit for the smelter. In some 
ct the li^e tin ninea the oaleiaiag furnace is so arranged os to 



feed itself, and the stining of the ores is done by maohinoiy, so 
that it requires no attention beyond that of keeping up a suf- 
floient supply of the tin-Btnff is the hopper above. 

When widEram is present in the ore (but it is only in oertsin 
mines that snob is the ease in any quantity),, an additional opera¬ 
tion is neoessary. Wolfram consists ohemioally of a tungstate 
of iron and manganese, forming the heavy orystalline insoluble 
body whioh has already been mentioned; audit was formerly 
regarded as so troublesome and deleterious an ingredient, that 
it used to depress the value of the tin oree of Drake Walls miue 
(where wol^m is particularly abundant) by 25 per cent. By 
the adoption of the following simple process the ores from this 
mine are rendered at least as pore as those of any other in the 
county; and the tuniraton thus separated from the tin becomes 
a aouroe of inoome,^instead of a loss. The ore having been 
OTushed and dressed as usual, the exact per-contage of wolfram 
is asoertained by analysis. The ore is'tben mixed with a snf- 
fioient quantity of soda ash, to supply an amount of soda which 
shall form the chemical equivalent of the tungstio acid in the 
wolfram. The mixture is then thrown into a reverberatory 
fumaoe, and brought up to a dull red heat. This roasting oansos 
the oxidation of tho iron and manganese in the wolfram, and at 
the same time the transfer of the tungstic acid from the former 
to the alkali, forming a tungstate of soda, which is perfectly 
soluble in water. After the product of tho furnace has cooled 

down, it is lixiviated in 
water, by whioh tho soda 
salt is dissolved out; and 
the liquor on being evapo¬ 
rated down yields crystals 
of tungstate of soda. Tho 
oxides of iron and manga¬ 
nese, being of much loss 
specific gravity than the tin 
ore, arc removed in tho 
conrso of tho usual rookings 
subsequent to calcination. 
Tho furnace used in this 
process is of somewhat dif- 
foront construction, the sole 
being made of iron instead 
of brick, as the soda ash 
would attack the silica in 
thq fire-bricks, and carry 
with it some of the tin 
also; so that in such case, 
if fire-bricks were used in 
the construction of tho fumaco, there would bo some loss of 
metal, while that which romiiinod would bo loss valuable, owing 
to the imperfect removal of the tungstic acid. 

The ore, although it has lost its original darkness of colour in 
the prooesB of calcination, is known in tho trade as block tin. 
Under this name it is sold to the smelters. There are periodio 
sales at the chief mining centres, prior to which the smelters 
send their assayors to draw samples of the difEerent parcels. 
The most exact mode of ascertaining tho per-oentage and quality 
of metal in tho ore, is to take two ounces of the black tin, and 
put it in a oruoible, with two-thirds of an ounoe of culm, an ^ 
four pennyweights of borax. On subjecting the orugiblo to a- 
strong heat the metallic tin separates, and the button of metal ’ 
ooUeots at the bottom of the oruciblo. This is weighed to find 
the quantity; and then hammered, its behaviour under tho 
hammer being a sufficient test of its quality. 

A more expeditious plan, and one whioh answers the . smelter's 
purpose equally well, os it returns about a similar proportion of 
metal to what will be obtained in the regular opmntions on a 
large scale, is to mix the sample with about 4 per cent, of 
pounded ooal, put it into an open cmoiblo, and subjeot it to a 
high temperature in an air-furnace for a few minutes, when 
reduction will take pliice. This plan will return about 5 per 
cent, less metal than the preceding. 

On the day appointed for the sale, the smelteni send in their 
tenders (or ” tiokets,” as they are oaUed in C^wali), and tho 
highest of these are oooepted. ^metimea the black tin'in sold 
by private ctmtraet. The produce of .most of the streamings, as 
well as of the emaU mines whioh do not rajae sn^etiiort to 
make it worth while to erect dteesing-floore, is nsld in anripi* 
dressed state by private bargain. 
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PHOTOGRAPHY—IIL 

By J. C. Lgass. 

ICASIFTTLATION OF PhATEB FOK TAKIWa FICTUBSB. 

Wx niAjr now eappose that the dark room or operating 
ohamber haa been d^y prepared, aa well aa the camera, atand, 
and other apparataa already detoribed; that all the eolutiona 
are ready mixed, according to ibe foregoing inatructions; and 
that the photographer ia now ready to oommenoe the taking of 
piotnrea. We will therefore proceed to deaoiibe the manipnla- 
tiona neceasory for the pnrpoao. The firat operation will be 
the cleaning of the glass plate required for the support of the 
aensitive film of iodide of silver. With respect to the quality of 
the glass employed, we should advise the use of that known as 
*' patent plate,” as, although somewhat expensive at the outset, 
it will better bear the frequent removal ^ the film which will 
be required in case of failure tlian any of the cheaper varieties. 
Sesidea this, a defective glass is a frequent causo of failnro, 
and it is well to reduce the chances of this to the smallest 
number, in order that they may bo more readily traced to their 
cause, and remedied. Before cleaning the glasses they should 
be slightly grround on their edges, in order to prevent acci¬ 
dents to the hands when in oourse of manipulation; this is best 
effected by rubbing them lightly with a piece of ordinary whet¬ 
stone, kept damp with water. After this, they should bo well 
washed in abundance of water, and roughly dried with a noarso 
cloth. A plate may now bo fixed in the vice before described, 
and a few drops of the plate-cleaning solution poured upon it in 
the centre. This should be applied to all parts of the plate, by 
means of a tuft of cotton wool; the remaining portion may 
then be removed by rubbing with a clean soft linen cloth, and 
the final polish imparted with the prepared soft leather. Both 
sides of the plate should be; thus treated, hut that upon which 
the ooUodion is to ho spread should be tested fur dcanliness 
by breathing upon it. If the breath is condon.sod in a perfectly 
smooth and oven sheet, without marks and linos, the work of 
cleaning may bo considered .as cnmploto and satisfaetory, hut 
should any sttiins or murks appear, tho operation of imlishing 
with tho leather should ho repeated. It frequently hax>pcns 
that beginhers clean a plate and rub it until it is dirty. Tho 
operation of cleaning ia rapidly effected, if proi»er {)racautiona 
such as wo liuvo stated are taken; and nothing whatever is 
gained by a long continuiinee of the process. When the ]>lato 
is cleaned it should bo lightly brushed, to remove any dust 
which may adhere to its surface, and placed in tho grooved box 
preiiarod for its reception, taking care to place the best side 
towanls one end which has boon marked, so that as each {ilate 
ia removed the operator may bo sure of having that side which 
is best prepared uppermost. At least six plates should bo 
cloaued lioforo work is uommenced, both in order to save time 
in operating, imd to prevent any chance of contaminating tho 
cloths and loathci's witli tho chemicals employed in subsequent 
ports of tho process. 

Wlion a Bufllcieiit number of tho plates have been prepared, 
enough of tho nitrate-of-silvcr solution should bo poured into 
tho bath to rather mors Umn cover the plate, having first 
rinsed out the vessel with distilled water. The surface of tho 
solution should thou bo skimmed with a slij') of writing-pax>cr, in 
order to remove any dust or scum which may arise. Into one 
of the developing-glasses should bo poured snfliciont of tho iron 
developing solution to cover the i>lute amply and readily, say two 
or three fluid ounnes; while the second dovelopiug-gloss should 
contain about half tho quantity of tho pyrogaUio acid solution, 
for intensifying. If tho water is not laid on into tho developing- 
Toom, a sufficient supply should be provided in a tub or pail, and 
a large spouted jug should bo placed roitdy fur use. Before 
proeoediug to prepare tho seusitive plate, tho camera should bo 
arranged in front of the scene to be photograpbed; and wo 
should advise the tyro to select a tolerably well-lighted view of 
a buildii^x, in partial sunlight, for his first experiment. He 
should by all means avoid portraiture and difficult subjeots, 
such os foliage or any objects at all likely to move, until such 
time as be bos acquired ao^perfeot a mastery over the instru¬ 
ments used and the cbomicals employed as to ensu.-e snoccss 
ss for OB these are conoemed. The more idmple the first 
experiments axe the greater will be the probability of snooese, and 
the traasitifln from easy to difflondt work will be readily effected 
BB the operator becomes used to hie tools. When the camera 


has been placed in positioB, and firmly screwed to tho stand, 
the cap of the lens should be removed; end tho head of tho 
operator and the ground glass of the oamera being enveloped 
in a dark cloth, in order to exclude the light, it will be observed 
that upon the ground-glass sorsen there will bo an image more 
or loss (Batinot of tho scene before the camera. This imago 
must be rendered perfeotly sharp npon the screen before taking 
the picture. A rough o^ustment may be made by drawing 
the oamera out or closing it, as may be required; but the final 
one must be made by means of the rook-and-pinion movement 
of the Ions itself. Too muob care cannot bo taken with this 
part of the work, as unless tho picture he acourately focussed, 
it will appear blntrod and "out of sharp.'* Of oourso tho 
oamera may be turned to the right or left, so as to inolnde the 
required view; but any tilting from back to front is not allow¬ 
able in the ordinary oourso of work, as this would cause a 
divergence of the lines in a buildiug, aud impart to it on 
appearance of falling. Of this difflonlty and its remedy we 
shall treat farther on. The camera having been thus arranged, 
the operator may leave it in position, and procoudto tho prepara¬ 
tion of tho sensitive plate. 

The opomtion of coating a plate with collodion is one which 
requires some little practice before it can be successfully 
performed. The two groat mistakes which tlio tyro is likely 
to mako arc, first, that of needlessly hurrying the operation; 
and secondly, that of trying to cover the plate with an 
insufficient quantity of tho fluid. It is true that the coating 
should bo effected quickly, but there ia plenty of time to do it 
steadily, while there is far more danger of spoiling tho work by 
ovor haste than by a too deliberate method of working. The 
eouting may be performed by daylight, and, consequently, 
upon entering tho operating chamber the yellow screen should 
bo removed from the window before tho work is commenced. 
One of the cleaned plates should bo removed from the box 
by the comers, taking care not to touch tho prepared surface 
with tho hand, which would be certain to leave a stain. Tho 
ojjcrator should atand before the window, and holding tho 
idato with tho left hand, and by tho lower corner, place it 
at such an angle with the light as may enable him to see any 
spook of dust or defect which it may bear npon its surface. 
Tho plate should then be bghtly brushed, in order to remove 
any adherent i)articles of dust on botli sido.i, and of course 
taking tho strictest care with that one whicli is to receive tho 
coating of collodion. Tho bottlo of iodised collodion should 
now be taken into tho right hand, and the piato being held as 
nearly level ns may be, n good-siAcd pool of collodion should bo 
poured (n to it, nearly in its centre. A gentle inclination 
should tjien bo made towards the top right-hand corner, so as 
to cause tho fluid to flow in that directum quite u]) to tho edge 
of tlio plate. When this is accomplished, incline tho plate to 
tho top left-hand comer, and then hack, so that tho collodion 
flows hack so as nearly but nut quite to touch the thumb which 
holds tlio plate. How incline the plate to the right, and 
holding the collodion bottle under tbo right-hand bottom corner, 
allow tho excess of fluid to flow boisk into tho bottle; at the 
same time raise the book edge of the jilate, so as to allow tho 
whole of tl^o snperiittoua cuUodion to drain off, and impart a 
gentle rocking mptiuu, in order that all the linos of draining may 
coalesce and leave a perfectly smooth and even film. It wiU 
bo of no avail to try to produce a good picture upon a badly- 
coated plate, ps any inequality of thioknoss will be sure to 
show in the finished negative. Wo should therefore advise the 
operator to mako several attempts to {icrform this operation 
properly before ho proceeds farther in too xirocoss, and not to 
eensitiso any plate before he has booomo well skilled in coating 
'it with collodion, and con effect it with case and eerteiuty. 
Wito a steady hand and practice, too knack of coating a plate 
will soon be acquired, and this is tbo first stop to really 
successful work. After an even coating has been obtained, a 
few seconds should elapse* before the plate is immersed in the 
sensitising bath, tho proper time for which may be aseortainod 
by lightly touching lower comer of tho coated Bnrfapo with 
the finger. When toe film is just set enough to bear a light 
touoh, without receiving any impression of the finger, it wiU 
be re^y for imme#aibn in toe nitrato-of-silver bath. At this 
stage of the prootae, a properly prepay plate wiU appear 
perfectly transparent, tho film of ooUodion being so thin and 
even os to be idmoat invisible. There may be a alight bloom 
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npoD lilie ooftted ride, bnt it froqaently bappons that this ie so 
slight M to render it difficult to decide between the plain and 
ooTered surfaces. _ _ 

TECHNICAL DKAWING.—LV. 

GOTHIC STONEWOBK. 

XABnY ENGLISH CAPITALS. 

The capitals of this period are usually bell-shaped, and are 
often, ospooially in the smaller eramplos, quite plain, with the 
exception of a necking and one or two mouldings around the 
abacus. In such cases they are distinguished from the 
capitals of later styles, which will be spoken of presently. 
*^0 boll is generally deeply undercut, which is a strong oharao- 
toristic of tlio style. Sometimes the nail-lioad or dog-tooth 
ornaments arc placed in the hollows botween the mouldinfps. 
In the larger and richer spocimons the boll is covered with 
fuhago, which, springing direct from the necking, is cnrlod over 
most groocfully beneath the abacus. The foliage, which, from the 
peculiarity already mentioned, is termed “ stiff-leaved,” is very 
bold and striking, and is sometiiuos so deeply undercut as to be 
at its np[)er part entirely detached from the boll. It consists 
mainly of varieties of the trefoil loaf, thus seeming to show a 
desire to aim at the representation of natural forms, which was 
so well accomplished in the following period, and of which the 
exaggeration and subsequent ileradence is seen in the Perpen¬ 
dicular. In clustered piers the capitals follow the form of the 

pier, as they also adopt the same 
form in the single shaft, with 
the exception that multangular 
I _shafts have often circular capi¬ 

tals. The base consists of a 
scries of mouldings; frequently 
of a deep hollow and fillet be¬ 
tween two ronnds, of which the 
lower one projects beyond the 
other. The base most frequently 
stands upon a donblo or single 
plinth, whioh in the earlier ex¬ 
amples is square, having an angle 
covered with a leaf, whioh springs 
from the base and falls over the 
plinth. In later examples the 
plinth assumes the form of the base, and is either circular or 
polygonal. It is soinutimos of groat height, having a second 
series of mouldings below the base. 'ITio group (Fig. 479) from 
Stone Church, Kent, is an excellent specimen of Early English 
capitals, decorated with stiff-loaved foliage and the dog-tootb 
ornament, which, in this case, is scon between the mouldings of 
the arch, and is of a perforated character. 

EABLY ENGLISH IJUTTBESSES. 

The Imttresses of this {period are for the moat part of a 
simplo character, consisting in smaller churches of two or more 
stages, the lower projecting beyond the other, each set-off 
being sloped nt the top, so ns to carry off tbo rain. Such a 
simple form of buttress is given in Fig. 480. 'IJio buttress 
finishes at the top, under the parai>et or oaves, with a simple 
slope, similar to tiutt of the other projections. 

Fig. 481 illnstrutoH a species of buttress n.sed in larger 
buildings, whioh is frequent^ finished with a triangular head or 
gable. It is occasionally carried above the parapet, oxoopt 
where stone vaulting is employed, and in such cases it is 
covered with a pinnacle, which is either plain or ornamented. 
Sometimes each sot-off is finished with a triangular head, and 
at others the water-table is continued round the three sides of* 
the buttress. The edges of the buttress oro often ohamiered, 
as in the example, or Die angles ornamented with slender 
shafts. Occasionally, too, the face of the battress is sunk into 
a niche to oontain a statue. This, however, is more a charac¬ 
teristic of the Eecorati'd period Uian of tho Early English. As 
in lUl |he other features eff Gothio architecture, the changes 
from one period to onotheriwete so gradual that great difficulty 
is found in distinguishing between the later portion of the one 
and the' earlier portion of the other. Thns the exact date of 
a niched buttress would be doubtful wore it not for other 
featnres oonnectod vaith it. These will bo pointed out in oon* 
sideriug the next period. One great distinction must, however, 


Fig. 485. 


Pig. ISfi. 


be here noticed, namely, that at the angles of buildings of tbo 
Early English stylo the buttresses ere placed at right angles to 
the walls, as if each wall had been continued beyond the point 
if junction. Thus two huttrosses ore required at each angle. 
In the subsequent periods, however, the buttresses at the 
angles were placed diagonally, 
and thus only one was required 
at each angle. 

Flying buttresses (Fig. 482, 
from Westminster Abbey), 
whioh ore arches springing from 
the wall-buttresses to the cleres¬ 
tory, were first introduoed at 
this period, and are common in 
all largo buildings with vaulted 
roofs. They are generally of 
simple design, with a plain cap¬ 
ping and archirolt. 

EABLT ENGLISH HOULDINGR. 

Wo have soon that tho plain 
square edges of the Norman 
arches were at first simply 
rounded off or chamfered. They 
wore then cat into edge-rolls or 
“ bowtella,” with side-hollows. The side-hollows were then 
widened, and tho edge-roll sot forward on a small neck or 
shoulder. In tho Transition i)criod the bowtell and the roll and 
fillet were introduced ; the mouldings gonerally became lighter 
and more numerous; but with tho Early English a new prin¬ 
ciple sprung up in the character of tho mouldings. This was 
the idea of obtaining effective combinations of light and shade 
by means of under-mllinys. 

“To such an extravagant extent,” said tho Rev. T. N. 
Hutchinson, in his lecture on the subject, “ was this carried 
during tho oar1,y part of tho thirteenth ccutnry, that the project¬ 
ing members of a group of mouldings are often found only united 
to tho aroh by a mere nock or thread of stono. Such a combi¬ 
nation of projecting ronnds and deep hollows would present to 
the eye the appearance of alternate bands of light and shade, 
the depth of the hollows caushig thorn to appear absolutely 
block. This arrangement would bo tamo and ineffective, wore 
it not for its combination with the rectangular receding faces 
upon which Early English mouldings wore gonerally cut. By 
tUs means a breadth of light and shade was introduced, and 
the uniformity 
caused by tho al¬ 
ternating bonds 
prevented.” 

The several 
members of a 
group of Early 
English monldiugs 
are generally of 
nearly equal size. 

Amongst thorn tho 
roll and fillet and 
the pointed bow- 
toll are of constant 
ooonrronce, as in 
Figs. 48.3 and 484. 

Abont this time 
a now form of 
moulding was in- 
trodneed, which 
became so gene¬ 
rally used in tho Decorated period os to form a oharaoterutic 
feature. This was the “ scroll moulding ” (Pig. 485). Hero 
again wo must refer to the bowtell for its ori|pn; it is, in fact, a 
bowtell, with one side of the fillet oarried round so as to fill 
up the space between its height and that of tho moulding. 

Tho arohiteots of the Decorated period gradually merged 
the edge of tho fillet by a gentle., curve into the face of the 
moulding; and at last it assumed uie appearance, so peoulisr to 
the fourteenth century, shown in Fig. M6. It will bo seen, on 
oomporiug Fig. 485 witii Fig. 486, ilmt the angle formed by the 
edge of ^e fillet and tho moulding below is oonverted, as it 
were, into a shallow groove. 
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FISH CULTURE.—III. 

By Obetiujc Fuhbli.. 

EXPXBIUKNT8 IN TA8UilNIA->I.OTS 0» FX8H' BT TBX FAXNCB 

—BBUDIKS BISH—MXTHOO OT XXTBACTlNa TBX BOOS. 

OoNsiDXBABLX interest is attaohed to the results of tbe experi* 
ments in Tasmania. The first lot of ova, some 4,000 in number, 
aont oat by Mr. YouU, were hatobed in Juno, 1804, in the river 
Plenty, a tributary of thePerwent, about seventy miles from tbe 
eea; 300 tront (Salmo trutia) were hatobed at the same time. 
Several })arcols -of trout have been sent out since, but 
those first montionod were the only ones amongst tbe number 
which proved a succoas, the happy result being attributable to 
tho great care and admirablo judgment displayed in their mode 
of transit by Mr. Youll, and by Messrs. Prancis Francis and 
Frank Buckland in thoir selection. In Jniio, 1800, from 8,000 
to 10,000 salmon ova wore hatched out, and about 8.000 saliuon 
trout. Fart of tho latter, say 1,000, wore kept in tho brooding 
ponds on tho Ploiity to ascertain wbethor they would brood in 
fresh waters without going to tho ocean. Thu romuindcr, with 
the salmon parr, were iii 1868 givon thoir liberty, tho ponds 
being thrown open, and thoy wont to sea. 

It appears sineu that period, that among the supposed salmon 
tront, BPme fow salmon parr wore found tn have been left in 
the ponds ; and Hpi-citiion.s of this fish, hatched, as wo havo said, 
from ova sent out from England, and tiins kept in confinement, 
have boon preuounced by Dr. Gunther, to whom thoy wore 
entrusted to bo oxamiued, to ozhibit characteristics both of the 
true salmon and the salmon trout. Tho produce of these fish of 
different kinds bvod in the ponds havo also been forwarded to 
Dr. Giinthor, and have proved to bo tho true salmon, a fact which 
has never occurred in the history of pisoicuHuro. These ponds 
on tho river Plenty arc admirably constructed; tbe water is 
exquisite in its character, gravelly senurs or rills ore here, 
there, and everywboro, and a clear sharp stream running con¬ 
tinuously over tboni, and through tho ponds j but there is no 
possibility of salt or even brackish water getting access' to 
them, which romlors the above-mentioned facts the more ro- 
markable ; indeed the sea, as mentioned, is eovouty miles off, and 
its flow inland up the Derwent comparatively insignificant; the 
Plenty is, moreover, an affluent of this rivor for removed by 
distanoe and altitude from tho infiuenco of the ocean. 

No tmo salmon havo, however, yet boon caught in tho rivers 
of Tasmania, altliough at the end of 1670 a not was fixed in tho 
Derwent near tho mouth of tho Plenty, and sovoral fish weighing 
from 3 to 4| lb. and one which weighud 7| lb. wore taken. 
These fish wore at first supposed to be true salmon, but upon 
a mote careful examination they wore found to be tho salmon 
trout. Tho 7J lb. fish was presented to Governor Ducane, who 
pronoonood it on admirable table fish in every respect. Thus 
tbe question forces itself upon us, that as &o salmon trdnt 
undertook their errand to tbe sea and faithfully returned to 
thoir old quarters, how is it that, with tho very same process 
and under simOar oonditions, none of the salmon proper have 
as jut put in an appearance P There are perhaps more than 
twenty creditable witnesses who were ready to deolar%that they 
could not be mistaken in having seen the salmon swim and leap 
in the Derwent, and some of these state that they have not only 
seen them once, but upon several 'occasions; let us hope they 
may be right. To prove tho presence of fish in tho Derwent 
is not tbe matter of case it wonld bo in any of the British 
streams, or oven of those of most ports of the world. In tho 
Derwent it is attended with immense difficulty, which none but 
those familiar with its waters can imagine. Sunken snags 
might be removed in time; but the tee-trees which grow npou 
its banks, send forth tlieir roots nnder water in every direction 
to a great length, and present the most formidable obstacle to 
tho working of a net and the safest possible stronghold for tlie 
fish. Then tho fish ore in n primeval state, unaccustomed to 
tho sight of man, or the movement of a boat, and do not partake 
of that f^l confidmoe that some kinds of fowls do upon their 
first iutr^aotiou to the human form. The fish are off at onco, 
and del^ the lit^ art as yet posseeied by the inhabitants for 
their capture. 

lb. Youll deserves every credit for the perseverance and skill 
ha haa brought to bear upon the iatrodnotion of fish of the 
Salmo tribe into Tasmania, which has'been attended with great 
expense, and many vexations disappointments. This gentto- 


man’a method of packing the ova is ingeniona, and, simple as it 
may r^, was the result of many careful experiments. Tbe 
moss in whioh the ova are laid is not dead and rootless, but in 
full tigonr of growth, a vitality which tho flow bom the ice 
boxes whioh Xooompany the eggs perpetuates throughout the 
wholo voyage, and while the temperature ia by this means kept 
down—more particularly in the tropics, where otherwise the eggs 
would hatch and be destroyed—^the ova are preserved as fresh 
as if they had but just fallon from tho parent fish. As, how¬ 
ever, some few of the eggs will even in thoir natural bed beoome 
blind and deoay, and thus without care prejudicially infeot the 
remaining stock, Mr. Youll underlaid the moss with powdered 
charcoal, whioh, acting as a disinfectant, met any threatened 
difficulty from tliis cause. No leaden pipes engendering arseni¬ 
cal influences wore naod on this occasion, and the whole of this 
vital apparatus was so swung and placed in the space on board 
tho ship devoted to it, as to prevent injurious osoillation and 
frictional contact. The ova from tho fish bred in the Plenty 
have been safely sent in this manner to Victoria and Now 
Zealand, and in the latter colony thoy have now many thou¬ 
sands of young tront. 

Thus it will be seen that while salmon proper are still a 
novelty in Tasmania, trout oro abundant. Indeed, the sucoesB 
of the trout, both as to thoir increase and tho marvellous 
rapidity with whioh thoy have grown, is most remarkable. 
There are thousands upon thousands of teout now in tho rivor 
Plenty and neighbouring waters. During tho last spawning 
season wo are assured that “ tho * rids,’ or iiests of the eggs, of 
this fish extended for sovoral miles, and beautiful fish Lave been 
observed oiigogod in thoir interesting duties from 3^ up to 12 
lb.; and those, we may add with pride and thankfulness, arc tho 
fish, the original ova of which was sent to ns in benovolont 
thoughtfulness by Messrs. Francis and Buckland, thus provid¬ 
ing tho nuolouB for an enduring and over-increasing supply 
of delicious and nutritions food fur all within roach.” 

To tho French pooifio every kind of fish is aocuptablo as diet, 
from whatever waters they may be derived. In our own country 
the salmon and trout grayling are bred artificially as yet, and 
it is a great question whether the brooding of ajiy other would 
yield a commercial profit, as fresh-wator fish in general with ns 
are much despised, although undeservedly so. Wo havo known 
perch cost hoff-a-crown a pound ; and there ore epicures amongst 
our aristocracy who make it a praotioo always to have a pike 
upon the table. There is, however, no occasion to breed these 
fish artificially, as they would multiply in sufficient numbers to 
meet almost any demand, if properly protected. A pike, for 
instance—according to Mr. Buokland's crucial examination— 
weigliing 32 lb. wiU produce 595,200 eggs, and a salmon of the 
same weight will contain about 29,000 eggs, so that it will bo 
evident that a pike produces a much larger proportion of eggs 
than a salmon. 

We might loam a profitable lesson here from tho Jews, who 
are the best patrons of the fresh-wator salesman. Barbel, 
thought by us to contain elements of blood poison, are boiled by 
tbe Jews in vinegar and water, and make a most aoooptablo 
dish. Dace, which scarcely one English oook out of a hundred 
can render palatable, a Hebrew ehef will place upon the table with 
a goUt, if not superior, equal to smelts; and roach, and every 
other fish discarded by us, aro made to contribute a welcome 
and rapid addition to the domestio resouroos of the poor and 
wealthy of tho thoughtful and industrious chUdren of Israel. 

Even the much-abused bream, that of the bronzed or golden 
kind, are highly esteemed in some parts of England. Indeed, 
at Gainsborough-on-Trent, there are fishermen who wholly sub¬ 
sist, and make a good living, by angling for this fish during 
those months in whioh it is supposed to bo in its prime. Chaucer 
speaks of this bream in terms of eulogy. The belly and fins 
aro the best parts, and are of a rich Insoious flavour. Their 
cost in Gainsborough is about fonrpence per pound, and thoy 
are muoh sought after, as, from being caught only by the rod, 
tho supply is uncertain. In France the eel ia bred in consider¬ 
able numbers, and highly prized for t^e table. In Scotland and 
some parts of England they aro viewed with a perfect loathing; 
and the keepers—strong and vigorous men—^would rather face 
a wild cat than touch one. Yet so plentiful aro cels in some 
Scotch rivers, that the angler can scarcely get his bait down 
before it is seized by one ; but they are, from their countless 
numbers, of a very small size, six or eight to the pound being 
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wnuddend large. It has often ooonned to ue that theeo eels 
might bo transported to some of onr ponds, vhere, by jndioioas 
management and feeding, they could be brought in weight and 
flaronr to great perfeetiun, and yield a hondwme profit to the 
flsh'fonnet, as the English people in general, being Tery fond 
of eels, wonld bo able to oonsaine any quaniity that might be 
offered for sale. 

We are, therefore, glad to find that the attention we hare 
milled to this sabjeot elsewhere has arrested the notice of 
Her Majesty’s Inspectors of Fisheries in Scotland, Mr, Buck* 
land giving the whole of Appendix No. XX. to its consideration. 
That gentleman says, "I was much surprised, during my 
inspection of salmon rivers in Scotland, not to find any appa- 
rafw at work for oatohing eels. I venture, therefore, to state, 
in my opinion, ihat the eel fisheries in Scotland should at once 
^ bo worked. H this were done in a practical manner, I feel 
oonfident that a considerable revenue might be derived by 
individuals from eels, and the pubUo at the same time benefited 
by an increased supply of good food now quite neglected. It 
cannot bo otherwise, than that thousands of tons of eels ore 
allowed to escape down into the sea during the autumn months 
from the rivers and lakes in Scotland. I have myself on several 
occasions found young olvers attempting to get over the dam 
dykes in various parts of Scotland ■, and a gentleman thoroughly 
conrersaut with Scotch fisheries writes me, ' Myriads of olvers 
uscoud the Tay in spring and early summer, and, of course, 
must doBOond in autumn and winter, but they are not caught.' 
AVliat goes on in the Tay doubtless also occurs in most if not 
all the chief rivers of Scollaud. Why should all these tons of 
eels bo lost to the public ? I have heard of an eel fishery in 
Ireland which formerly lot for ^700 per annum; facUities 
were given the elvers to get over the dykes, and this fishery 
now lots for over £2,000 per annum. I am well aware that the 
Scotch people will not eat cols; they rather look upon them as 
food with abhorrence; but I imugine the Scotch proprietors of 
fisheries would not hesitate to sell the produce of their fisheries 
if they could find a market. The inhabitants of largo English 
towns, Bueh os London, Birmingham, Manchester, Liverpool, 
Leeds, etc., would have no scruples in taking any quantity of 
eels; and railway communication is so easy, that ocls could be 
sent to the largo English cities from the chief Scotch rivers 
with the greatest ease.” It is to bo remarked that the eels are 
going down when the salmon are coming up. Eel weirs can be 
sot without mischief to the river from Juno to December; they 
should be entirely removed from Docombi'r to Juno. I sinooroly 
trust the ntUisation of the eels in Sootland will not bo lost 
sight of. As fos the feasibility of a profit attending a supply, 
Messrs. Orant and May, the obiof dealers in eels in BiUingsgate 
Market, in reply to the question regarding tbe proposed trans¬ 
port of eels from Scotland to England write, “ Eels ore oanght 
at some few plooes in Scotland and sent to mark^ for sale. 
There is always a market here (Billingsgate) for eels.” 

The destruotion of elvers or eel fry in our rivers, when th^ I 
first appear from the sea admits of little exouse. In the Parret 
and o&er rivers which flow into the estuary of the Severn, the 
eol gala days find a parallel to what used to taka place on the 
Thames’ biuaks. All classes, either personally or by their agents, 

. orowd down to the stream and strain the young fish out literally 
by thousands; and what for P to make an elver oako, which, for 
the appetite of a single farmer’s boy, would, take at least 
several hundred to satisfy every opening of his uxiappreeiative 
jaws. Let the Sootoh take the above observation to heart, or 
to the breeches pocket, and keep in view the fact that the 
owners of the Datoh eel echvyts have found it worth their while 
to otoBB the main and oome to Billingsgate from the days of 
Queen Bess, and have generally amassed oonsidorable wealth by 
the pursuit of this industry alone. The eel is always in request. 
It is the food of the poor men when small and of the rich when 
fat, and of weight; and, as has been said, “ a dearth cf eels was 
never known dead or alive if fresh." 

Tbe bMt plan to keep eels in the stews or ponds is ti> surround 
the water vrith that description of wire fencing that curls in- 
''*ardB, which, despite the wonderful aerobatic faculty which they 
non exercise by the ossistanoe of tbeir prehensile tails, they can 
not surmount. It may bo here remarked that the power in the 
'toil ^ the eel is some&ing marvellous. By this they eon escape 
out at a deep pail or jar with great facility, presuming that the 
depth of tbs ntensil is bat half an hioh shallower'than the 


length of the eel, for that half inqh is enough to permit of the 
eel standing upon its head against the side ef its prison, and 
orooking its tail over the edge like a finger, lifting itself up and 
out of oaptivity. 

In this country, as wo have said, Uiere is little demand for 
tho ooBTser kinds of fresh-water fish, exerting for the recrea¬ 
tion of the rod. On the contrary, in Paris, a visit to tbe fish 
markets will shew to what an extent the waters ore utHised 
and the value placed upon all kinds of fish. In P'ranoo, 
Germany, and elsewhere abroad, most of tho fish for sale am 
kept alive in large troughs; and a housekeeper would as soon 
thiuk of putting a fowl down to rcast with the feathers on, as 
purchase a fish she had not scon swimming about and lively at 
the time she struck tho bargain for its possession. 

We learn from various authorities the method of extracting 
the eggs. 

M. Gehin says:—*' I take a female trout when she is ready 
to spawn, and—^very mnoh importance is, of eonrse, attached to 
this fact—holding her by tho back with my left hand, I prevent 
her violent efforts by pressing her head and body against it, 
and with my other hand stroke her boUy, till in a few moments 
she becomes quieted.'' “ All anmals,’’ adds an able writer, " are 
sensible to these oareases, or similar ones made on their backs, 
and take them willingly; witness the cat and dog, which by 
purring, whining, rubbing against us, or licking onr bands, seek 
I to obtain them.’’ We scarcely subscribe to this, inasmuch as, to 
I render tho parallel complete, the cat or dog onght to be pnt 
' under water, that is, out of their natural element, during ^is 
presumedly soothing and mollifying process. The stillness of 
j tho fish is more likely to arise from fright, combined with the 
^ sensation of smothering which it must necessarily undergo in an 
I oloment it is not accustomed to. All the catossos bestowed 
) even upon a fieahly-canght bird, although in its natural ole- 
I moiit, do not 'tend 'to soothe or allay tho rapid boatingB of its 
j fearful heart. 

I When the fish is thus magnetised or “ put to sleep,*’ as it has 
! been facetiously 'termed, it is inclined over a utensil which has 
' boon prepared to receive the eggs by putting in it about a quart 
j of water; in order 'to ensure Uie fish remaining quiet, another 
I person, if necessary, holds its tail, then M. Gehin, 'with the 
thumb and fore-finger of his right hand, presses lightly the belly 
from top to bottom. This must bo carefully and gently done, 
: as one would press from root to extremity a finger out at tho 
I end, to extract the blood and prevent its further flow; or as 
I one wonld milk a cow, but by no means with so much force oa 
^ that operation requires, fer if the proper time has been obosen, 

I tho eggs win be pressed out by a very gentle effort, and if more 
I is required, it will prove that tho fish has not gone her full time 
I for spawning, and the eggs thus obtained cannot in that ease 
be focuudatod. 

Passing tho finger and thumb in this manner over the fish’s 
belly, tho eggs at each pass will spirt out like the shot out 
of a shot belt. 

When by a number of these passes tlio eggs are aB pressed 
out, a malo fish is taken and operated upon in the same manner; 
the milt thus expressed from the male, fulling into 'the utensil 
and upon the* eggs, gives the water awhitehne. Tbe malo fish, 
like Gie female, must bo subjeotod to a number of gentle pusses 
to obtain ihe result. When this is dune, the contents of the 
vase must be stirred about with the bond, or, what is better, 
with the tail of the male fish still 'wet with the milt that has 
run over it (or a feather), an operation tosombUng that made 
by tho fish iu its natural state. 

After a very short period the 'water must be carefully poured 
tiff, and a like quantity of fresh water poured on the eggs. 

Before the mixture of the milt and the water covering tho 
trout’s eggs the eggs ore of a pale orange colour, and trans¬ 
parent. After this operation tho water must be uhangod onoe 
or twice more. 

When tho fecundation is complete, some of the eggs will 
appear white. These are the nnfecnndatod ones, being sterile 
and dead, and if allowed to remain, will, like all other fifolesa 
things, become pntrid, and oormpt the rest ; they must, there¬ 
fore, be oarefnlly removed. 

A representation of the method of holding the female trout 
for the extraction of the eggs has been already given in our first 
article on this important and interesting subject in page of 
the second volnme of Ths Tschkical Kditgatob. 
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SILVEEaMITHS’ WOEK. 

CoEmnrnra oar cooBidoration of hollow vessels, we have now to 
notice sUverstnitha’ work, and here wo may observe that while 
the materia with which wo have now to deal differs in character 
widely from that of which those vessels already considered have 
been formed, yet that many priueiploa which have been ennneiated 
are dpially applicable to the objects now under consideration. 
Silver objects, like those formed of clay or ^lass, should |)er- 
feotly servo the end for which they have been formed; also, the 
foot that ornament applied to 
rounded surfaces should be 
adapted for being viewed in 
perspective renuuns as binding 
on us OB before; but heroin the 
works of the silversmith differ 
from those already considered 
—they ore formed of a material 
of intrinsio value, which is 
not the cose with articles of 
earthenware or glass. Silver 
and gold being materials of 
oonsidorablo worth, it is noces- 
Bory that the utmost economy 
be observed in using them, 
and in order to effect this a Fig. 122. 



: of costly snbstanaes, arc of the utmost importance, and should 
, be carefully thought out. If the designer forms works wdiioh 
, are expensive, he places them beyond the roach of those who 
' might otherwise enjoy them, and if heavy they appear dnmqr 
in the hands of those accustomed to delicate and beautiful 
objects. 

Besides this, works in silver and in gold are always in danger 
of being destroyed, owing to the intrinsio value of these meti^; 
and if stolen, the theft is promptly hidden in the melting-pot. 
Now if we form the vessels of thin metal, we render the money 
value of tho material less, and thus our worka ate to a smaller 
degree tempting to the avaricions, and their chanoo of longevity 

is greater. The precions metals 
are at all times perilous 
materials for the formation of 
works of art; but while we do 
use these worthy materials, let 
ns BO employ them as to give 
to our works every possible 
opportunity for long oxlstonoe. 
If a work is to bo so formed 
that it may exist for many 
years, it becomes of the highest 
importance that those objeots 
which we create be well oonsi- 
dorod as to their utility, and at 
tho same time beautiful in form. 
Long existence is an evil in tho 



Section 
of Fig U9. 


Fig. 119. 


Fig. 120. 


special mode 
of oonstmo- 
tion must bo 
resorted to. 

If wo pro¬ 
pose to our¬ 
selves the 
formation of 
asogar-basin 
ofaemi-oirou- 
lor sbape, of 
what thiok- 
nesB must 
the metal be 
in order that 
It may not 
bend when 
lifted F Itie 
obvious that 

the veeael must not yield ita ehape to ordinary pressure, nor 
be subject to alterations of form when in ordinary use; but i^ 
it is to be formed throughout of metal of such thiokneaa as will 
Boonre its retaining its ehape, it will be oosUy and heavy, and 
an amount of metal will be used in its formation sniBoient for 
the maaufaoture of two or throe such articles. 

Instead of forming tho vessel throughout of thick metal, we 
may construct it from a thin sheet of silver; but in order that it 
may possess sufficient strength we must indent one or more beads 
in its side (see Fig. 119); or we can form an angle by hnving a rim 
projecting into the basin (Fig. 120), or extending from it, and 
tints give strength; but the two beads are the more desirable, 
as the one gives strength at tho top and the other at a lower 
portion of the vessel. 

Modes of eoonomiBing material, when we are forming vessels 


case of an 
ugly object,, 
or an iU-oon- 
sidered ves¬ 
sel ; that 
which is not 
refininginits 
influence is 
bettor blot¬ 
ted out. Lei 
that mau 
who win not 
seek to em¬ 
body beauty 
in his works 
make them 
heavy with 
metal,Bothai 
they may 

tempt the thief, and thus sooner blot out his works, os they 
tend only to debase and degrade ; but he who loves refinement, 
and seeks to give chasteneas of oharaotcr to tho objects which 
he creates, may well strive to seouro to them length of duration. 

There ore varions modes of working motaL It may bo oast, 
hammered, out, engraved, and manipulated in various ways. 

Little that is satisfactory con result from easting. Casting 
is a rough means of produoing a result, and at best achieves 
the formation of a mass which may be loss troublesome to cut 
into shape than a more solid piccecof metal; but casting with¬ 
out tho application of other moons of working metal achieves 
little of an art nature. 

Some of the fine iron castings of Berlin are wonderfully good 
in their way, and are to an extent artistic; and certainly Jbhoy 
oontraat strragely with the oast handles and knobs which we often 
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see applied to Tegetablo-diahea, and ritnilar ailrer objeota herein | 
England j yet even tbeae will not oompare with worka wiong'ht ' 
by the hammer and the ohiael. Thin metal hammered into 
form, and touched where neceaaary with the ohiael, the graver, 
and the ohaaing-tool, ia capable of producing the very finest | 
effects which can be 
achieved in metal-work. 

Let the reader consider 
the beautifnl veaaela 
which Arabian metal¬ 
work presents na with: 
these are all formed by 
tile hammer and chisel, 
with the aaaistance of the 
gmver and chaaing-tool, 
and how marveUonsly 
delicate and beautifnl are 
the results! Wo have in 
these vesaela beauty and 
dignity of form, richness 
of design, great intricacy 
and d^cacqr of detail, 
and altogether a refine¬ 
ment of effect which 
may long bo conaidorod 
and repeatedly enjoyed 
(Fig. 121). 

Several, I may almost 
say many, of these beau¬ 
tiful objects are to be 
found in tho South Ken¬ 
sington Museum, and it 
should be generally known 
that exact fac-siniiles of 
these lovely works, in 
the form of electrotype 
copies, have been pre¬ 
pared by Messrs. Elking- 
ton and Co., under tho 
sanction of the autho¬ 
rities of tho Department 
of Science and Art, and 
that these are procurable 
at small cost. For pur¬ 
poses of study these 
copies are of almost equal 
value with tho originals, 
and for the adornment 
of a sideboard they aro 
hardly inferior. I strong¬ 
ly advise those who can 
e^ord to purchase these 
beautiful copies to gar¬ 
nish their sideboards with 
plate of this description 
rather than with the 
meretrioioVu electro-plate 
which we often see in 
our shop-windows. 

Having determined on 
the best mode of work¬ 
ing the material, con¬ 
sider carefully the re¬ 
quirements which tho 
work to bo produced is 
intended to meet, and 
then strive to form tho 
object BO that it may 
p^ectly answer the end 
proposed by its creation. 

Let ns take a sugar-basin. What form shoe Id it haveP 
After much consideration, I have arrived at the conclusion 
that the two shapes engratred in i'igs. 122 and 123 are those 
which best fulfil the requirements of such a vessel, for in 
those the sugar is always collected together, and the dust sugar 
separates itself from the lumps. 

The handles of a sugar-basin are often so small as to be 
Putially or wholly nseless. It not nnfreqnently happens that 


only one or two fingers can rest on the small handle, wliile the 
thumb has to be placed within the orifice of the l^in when 
it is desired to move it. This should not be so; if a handle 
is to exist at aU, it should bo so formed as to be useful, and 
afford a means of moving tho object with ease and comfort. 

To form a handle as 
a mere ornament is an 
absurdity, for the handle 
is part of the vessel 
structurally, while the 
ornamentation is an after 
and separate considera¬ 
tion. In order to its 
existence a vessel must 
be constructed, but when 
formed it need not of 
necessity bo ornamented 
ornamentation must ever 
be regarded as separate 
from construction. 

Such a sugar-basin as 
I have suggested would 
not stand without legs: 
it must therefore have 
them; but I see no rea¬ 
son why the legs and 
handles should not be 
combined; hence I pro¬ 
pose three feet so formed 
as to serve as handles 
throughout their upper 
part (Pigs. 122,123), they 
being convenient to hold- 
Modem European sil¬ 
versmiths have fallen 
into the error (an error 
now prevailing wherever 
art can bo applied to any 
object) of making their 
works of a pictorial, rather 
than an ornamental cha¬ 
racter—an error which 
the Arabians, Indians, 
and Japanese never per¬ 
petrate, while their works 
in metal aro unsurpassed 
by any others, and equal¬ 
led by indeed few. It is 
a mistake to cover an 
entire vase with figures in 
high relief: but wherever 
anything of the kind is 
attempted, caro must be 
exercised in causing tho 
groups to follow the line 
of tho vase, and not to 
appear as irregular pro¬ 
jections from it. As to 
the modes of decorating 
works in silver and in 
gold, they aro many; of 
ornamentation by repovss^ 
work wo have already 
spoken, and of chasing 
and engraving. Bat be¬ 
sides these there ore other 
methods, and some of 
great interest, for there 
is damascene work, or 
inlaying, and applying 
colour, or enamelling, and niello work; jewels may also be added. 

Damascene work is of great interest. Metal of ofto colour 
is inlaid into metal of another eolour. India produces, 
perhaps, the rarest examples of this kind of work, tho Indians 
being experts at this manufacture; but the Indian work eon- 
, sists ohiefly of silver inlaid in iron. This mode of work seems 
1 to be capable of prodnoing many beautiful effect's, as all who 
I have examined tho large inlaid hookahs of India will admit. 
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ACETIC ACID. 

This wsid ia more familiarly known under tho name of vinegar, 
of which it is the important principle. It ia yielded at a certain 
stage of the fermentation of ail iweet vegetable joioea; but each 
of those imparts its own special oharacteristius, so that tho 
vinegars of oommeroo are distinguished by tho addition of tho 
article from which it ia derived, oa malt vinegar, wine vinegar, 
etc. The mode of preparing the qnalitioB in general uae will 
havo to be described presently. 

The pure acid forma a crystalline solid at any ordinary tem¬ 
perature, having tho chemical composition, ; but it 

oombinea with any quantity of water, forming a very pungent, 
colourless liquid. The absolute acid is usually obtained by dia- 
iilUng the acetates of sodium or potassium with sulphuric acid, 
stirring a little peroxide of load into tho product, and then re¬ 
distilling it. It can also be made by tho direct oxidation of 
alcohol, C,H,0, when two atoms of tho hydrogen are replaced 
by one of oxygen. The ordinary prooossea of tho vinegar 
mauufaotnre will be found to bo more modifications of this latter 
xeaotion. The oommereial acid is now principally made by the 
distillation of wood, and honoo it is generally known under the 
name of pyroligneous acid. It is largely used in making the 
varions artielos used for manufacturing purposes. 

Vinegars seldom contain more than about >5 per cent, of tho 
absolute acid; and tlieir colour and flavour depend materially 
upon tho ingredients from which they are made. In England 
they are usually made of malt; in Prance, of grapes j in Ger¬ 
many, of grapes, beetroot, or potatoes. 

The ordinary plan is to make a decoction of gronnd malt in 
a mash tun, similar to what is used by brewers, 100 gallons 
of water being used for every six bushels of malt. It is im¬ 
portant, in an economical point of view, to extract daring tho 
brewing the whole of tho sacoharino matter oontainod in the 
malt; and this is best done, not by patting in all tho water at 
once, but by making two or throe separate brows. Tho first 
should be heatod to about 180” Fahrenheit, the others rather 
higher, or up to the boiling-point. Of course, tho lost yield will 
be much weaker, but they all pass into the samo roooptaclo, and 
so become mixod together. 

Tho wort thus produood ia allowed to sottlo, and ia then drawn 
off and left to oool; four gallons of yeast are then added, and well 
^rred in. After remaining about a day and a lialf, the liquor 
is transferred to tho casks, in whieh it remains for about three 
months, by which time it is converted into vinegar. Tho casks 
are only partially filled, and have the bung-holes left open and 
a hole bored in each end near the upper edge, so that there shall 
bo free aocoss of air during the whole time j without this tho 
acetic fermentation will not take place. In summor-iimo no 
artifioial heat is roqnired for this last operation: tho casks arc 
ranged in long tiers in the yard, without Any other protection 
from tho weather than a loose cover over the bung-hole during 
rain. In winter fielding oannot bo attempted; tho casks are 
then ranged in apartments which are maintained at g. tempera¬ 
ture of about 75” Fahrenheit. 

The vinegar haviag thus boon made, is drawn off from tho 
casks, and pnt into tho refining vessels to bo olarifiod. Thoao 
connat of tuns fitted with a double bottom, between which rapes 
{which ate the refuse skins and stalks of grapes from the wine 
makers) are put, and through which the vinegar has to filter. 
A tap below tho level of tho false bottom allows tho outflow of 
the vinegar, after filtration, into acistom, from which it is pumped 
up again into the refining vat, to repeat the same operation. 
This is done several times, until tho vinegar beoomes quite dear 
and bright, when it is ready to be put iuto casks for the 
market. 

There are two praotioal inoonvenionoes in the process just 
deaotibad—the length of time required, and the large space occu¬ 
pied by rows of oasks. As tho action is dependent upon 
tte supply of air to the fermenting wort, it is evident that by 
inorei^g the surface of the Bqnor which is exposed to this 
cxidising influonoe, a larger quantity will become acetified in 
tho eame spaoe of time. Varions plans havo therefore been 
suggested for the more rapid production of vinegar, ail depen¬ 
dent upon this one idea. In one of theso the liquor is made to 
pass through a large tun filled with beeoh-wood shavings, near 


tho bottom of which holes are bored to admit the sir, while 
in the lid are little pipes or chimneys for carrying off idle 
waste gases. By this arrongroment the liquid gradually trickles 
down, exposing an immense surfaoe to the air, which at tiio same 
time is passing upwards through the vat, and the final result is 
aocolorated in proportion. When a vat is fresh started, some 
hot, strong vinegar is passed through it for a day or two, in order 
to saturate tho shavings and give them tiie ohwaotor of mother 
liquor, which expedites tho conversion of tho rest. While the 
aoetifleation is going on in the vat the temperature' must be 
carefully watched with a thermometer, as the tendency of the 
operation is to generate heat, and if this proceeds too far, the 
spirit is driven off in the shape of aldehyde (CgH^O), which 
is a highly volatile substance, and a proportionate quantity of 
vinegar is lost. 

Another adaptation of tho eame principle is to introduce Gie 
wort through a pipe which runs perpendicnlorly through the 
centre of the vat, tho piiie being pierced with holes and made 
to revolve. Tho liquid is thus thrown in tho form of a shawer 
upon the shavings, and so presents a great extent of surface 
to tho action of the air. 

Vinegars are known in the trade by the numbers 18, 20, 22, 
24, whieh represent respectively tho number of grains of carbo¬ 
nate of sodium which will neut^iso an ounce by measure of tho 
liquid, and hence indicate the proportion of acid contained in tho 
vinegar. No. 24 being equal to about 5 per cent. Fur domestic 
purposes No. 22 ia preferable, as being sulficienlly strong. It 
is highly valuable as a preservative from decomposition, on ao- 
oonnt of its coagulating tho albuminous portions of animal 
matter, and more particularly of fish. It exorcises tho same 
function with respect to vegetable substances in converting them 
into pickles; and its liberal use is particularly to be desired on 
shipboard, and under any other circumstances where fresh moat 
and vegetables cannot be procured in sufficient quantity. Vine¬ 
gar, however, being a product of fermentation, is itself, never¬ 
theless, liable to putrefaction, the mothers consisting of an 
aoeumnlatiou of a fniigoid plant called mycoUtnima vini. The 
propagation of this plant, or of worms, in the vinegar, is often 
stopped by the addition of not exceeding 1 per cent, of sul¬ 
phuric acid. 

For manufacturing purposes the acetic acid made by the 
dostruotive distillation of wood is principally employed. On 
account of its origin, it is very commonly coiled “ wood spirit.” 
The plan adopted in its man^acture is a oomparativoly steiplo 
one. An iron cylinder or box forms tho receptacle for tho wood 
to bo distilled, immediately nndemeath whieh ia the fumaoe. 
From the upper part of tho retort a pipe passes into tho con¬ 
densing ohamber, where it is cooled by a stream of fresh water 
playing upon its outer surface, the condensed vapour pouring 
out into tho receiver at tho further end. The distillate, as it 
first comes over, consists of a mixture of water, aootiu acid, 
naphtha, and tar, which are aoparated by re-diatillation, the 
naphtha coming off at a lower temperature than the other in- 
gr^iento, and the tar being the last to remain in tho retort. 

The quantity of acid produced varies according to tlio kind of 
timber used, within tho limits of to 7^ ounoos per pound of 
wood ; but, when tho distillation is over, there remains behind 
from 3 ^ to 44 ounces of charcoal, which, in this country especi¬ 
ally, where wood ia dear, ia an article of oonaidorablo vedne. In 
order to economise waste products, some manufacturers oonvert 
sawdust, spent tan and dyewooda, into pyroligneous acid, after 
they havo fulfilled their more speoial uses. 

In some works the acid vapour, as it passes from the earbon- 
ising cylinder, is brought at once into contact with one or other 
*of tee bases with whieh it has a strong afiinity, so that it at 
once enters into combination and forms an acetate, which can 
either bo used as suoh, or from which a very pore acid oon easily 
bo prepared. 

When the acid has been made by the first-named process, it 
has to be still further freed from the oily and tony matters 
which may yet remain more or less mix^ with it. This is 
usually done by converting it into ^le acetate of oalciom, by 
boiling it up with an excess of limo and water, so as to ensnte 
tho whole of the acid being taken up. Tho excess of lime is then 
allowed to settle, the solntion is drawn off, and then evaporated 
down until tho whole of tho acetate of caloinm orystaUises out, 
which ia then distilled with snlphnrie acid. 

Some of the preparations tn^e from this acid, such M e''3tio 
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ethor aad aromatio vinegar, are need in pharmacy. The former 
is made by distilling the anhydrons acetate of sodium with a' 
mixture of salphatio acid and obsolnte alcohol, in the proportions 
of 28 per cent, of the former and 32 per cent, of the latter to 40 
per cent, of the salt. The product is neutralised with bicarbon¬ 
ate of soda, then agitated with chloride of calcium until all the 
water mixed with it has been absorbed, and finally re-distilled. 

But the most usoful compounds are the acetates, which are 
largely employed in the arts. They have been already referred 
to in the former articles of this series, which treat of bleaching 
and calico printing, but their preparation and use doserro to bo 
mure fully considered. 

Acetic acid combines with iron in two different proportions. 
The ferrous acetate, FeCjH,0„ is commonly made by digest¬ 
ing scrap iron with the crude wood spirit at a temperature of 
150° Fahrenheit, or by decomposing a solution of copperas (sul¬ 
phate of iron) with acetate of calcium. This soli produces with 
madder a deep black dye. The ferric acetate, Fe23(CjH30,), 
formed by dissolving the sesquioxido in acetic acid, or by mixing 
solutions of the ferric sulphate and acetate of barium or load, is 
also much used by dyers. With ferroeyanido of potassium the 
former of those salts produces a blue colour, and the latter a 
brown. 

Aootato of load is also employed by dyers and calico printers. 
It may be prepared in several ways. One plan is to expose 
sheet lead in a close chamber to the fumes of acetic acid, which 
causes the metal to oorrodo and bo covered with a mixture of 
carbonate and acetate, which is then scraped off and dissolved 
in a slight excess of acct<j acid. On evaporating down the 
solution the acetate of lead will cryptallise out. Anotliot plan 
is to dissolve litharge in acetic acid, and crystaUiso out the re¬ 
sulting salt. 

The acotato of mangonesu is mado by docomposiug the sul¬ 
phate of maugauosc with acetate of caloium or lead. It is also 
used in dyeing and calico printing for producing a brown colonr 
by the action of chlorido of calcium. 

The tin salt is used in producing spirit colours. In preparing 
this, the protoohlorido of tin dissolved in water is mixed with 
acetete of lead. 

Acetate of copper, more commonly known as verdigris, is a 
very nseful preparation, not only to thb calico printer, but also 
to the maker of painters* colours. A process of manufacture 
very largely adopted is similar to that above described for 
making the lead salt. Tliin shoeta of copper arc submitted in a 
close chamber to the action of the acid, and from time to timo 
the verdigpris which has aocumulated on their surface Is scraped 
off. Another plan, more commonly adopted in France, is to 
substitute the skins and otlier rofnso of the grapes from whioh 
the juioe has been expressed for wine, instead of the acid itself. 
The sheets of copper, first dipped in a solution of verdigris, and 
the grape skins, arc placed in casks in alternate layers, and are 
thus left to ferment for twelve to twenty days, by which time a 
thick ooating of greon orystals will appear over the surface of 
the metal. The acetate is then scraped off, and the plates are 
ready for a second operation. In addition to being used for the 
purpose of producing colour, it is employed as a resist paste in 
ealioo printing, when a white pattern is required upon a cloth 
.which has to be dyed with indigo. 

There ie still another very important oomponnd to be touched 
upon. l%e nee of alum os a mordant lias boon spoken of 
nuder that head in Artielo X., and one of the most convenient 
modes of using it is in the condition of a sesquiacetato of 
alumina. It is made by dissolving alum in a solutiou of 
acetate of calcium, a sufficient quantity of the former being 
supplied to deoompose ihorougbly the lime salt. 

CIVIL ENGINEERING.—XIII. 

BT K. a. BaBTHOLOUXW, C.X., U.S.E. 

BREAKWATEB8. 

Tbzbb moat useful, and, indeed, indispensable adjuncts to har¬ 
bours having a oertain aspect find formation, are of two kinds— 
fixed and floating. Any work, whether natural or artificial, 
which serves to break the violence of the waves, or the set of a 
ourrent, may be denominated a “ breakwater.” From tbo ex 
posed pemtions they of neaeBsity ooonpyt the greatest care must 
bo exereued in their oonstruotioa. 


Breakwaters date from a very early period. Their importonoo 
for the protection of shipping was appreciated by the earliest 
settlers upon the coasts tho Mediterranean, who frequently 
fixed the site of their coast towns in localities sheltered from 
the prevailing winds by some natural island or rook, and in some 
cases producing an excellent and well-sheltered harbour by the 
construction of a mole resting upon some natural formation. 
This plan was adopted by llinoorates, tho engineer employ ed by 
Alexander the Great in the oonstmctiou of the harbour of Alex¬ 
andria. Taking advantage of the island of Pharos, which lay 
at some distance from the mainland, and oppouto tho site marked 
out for tho city, Dinqcrates united it with the inB.iTiln. iid by an 
extensive causeway, or earthen wall. This gitind terrace divided 
j the bay into two harbours, which oommunicalod with each other 
, by means of two openings left for the passage of ships. To 
I render tho liarboor approachable at all times, a lighthouse was 
I built on a rock some distance from tho eastern extremity of the 
' island. 

{ The method adopted by tho Bomans in the construction of 
I Boiiio of their breakwaters was as follows:—In situations which 
I the depth or calmness of the sea would admit of, two rouges of 
piles, secured firmly together with chains, were driven in the 
lino of the proposed breakwater. The earth was then taken out 
from between tlie two ranges, and the bed levelled. Mortar, 

1 consisting of two parts of a peculiar earth, found near Cumm, 

' and one of lime—a compqund which possesses tlie property of 
hardening under water—was then thrown into the space between 
tiio piles, together with a proportional quantity of stones, until 
! it was entirely filled. This course was not, however, always 
I practicable, because if the sea wore violent the mortar ran the 
risk of being washed away before it became hardened. In this 
cose they adopted a most ingenious oontrivauca for building 
I blocks of concrete close to tlie position they would occupy wbeu 
I submerged, sad allowing the action of tho water to carry them, 
when hardened, into the position intended. The method adopted 
was to build a strong platform of hewn stone blocks immediately 
mljoining the sea. A portion of this platform was horizontal, 

! whilst that part facing tho sea inolinud towards it. On tho 
flunks of tho iuolined plane walls woro built projecting 18 
I inches above its face, and upon this enclosed space sand was 
j laid. On this sand they commenced building a concrete block, 

, and as soon as it was hardened by exposure to the air, the 
oiiclosiug walls were removed, when, the sea gaining access to 
tiin sand, washed it away, and, leaving tho blook unsupported on 
a horizontal piano, it slid down tho slope into tho water. This 
process—slow, though sure—was repeated until the work was 
advanced os far os desired. 

The value in marine engineering of hydraulic mortar, as it is 
termed, by which is implied mortar which will harden under 
water, is exceedingly great. As wo shall have frequent occa¬ 
sion to allude to its employment, it will bo as well in this place 
to describe its composition and character. Hydraulic mortars 
are usually composud of silica and caustic lime, and their pecu¬ 
liar property of becoming hard under water may be attributed 
to their forming a hydrated silicate of lime. 'When clay and 
magnesia are added, silicates of greater cousisteuoy and strength 
ore produced.* Tho silica should bo prepared by oaloiniug it 
with an alkaline eiurth at a bright red heat, after which it will 
dissolve in acids, and form a goluUuous paste. If quartzose 
sand is mixod with lime in tho ordinary way, it will not form 
hydraulic mortar; but if it bo burnt with lime after being 
reduced to fine grains, it will form a suitable ingredient for the 
purpose. Limestone containing 10 per cent, of clay, whon 
strongly burnt, forms good hydraulic mortar, but if it contain 
a higher proportion of clay it will not set unless it is well ground. 
The Bomans made use of pozzuolana very largely in forming 
their hydraulic mortars. This substance is a species of siuid 
found abundantly in the neighbourhood of Eumo. Tho oata- 
oombs were probably formed by the extraction of this material. 
That found near Boise, whon mixed with lime and rubble, will 
harden under water as well, if not better, tlian when expos'd to 
the air. Indeed, it appears that mortar so constituted beouiucs 
light and dry when exposed to a dry heat; but, whon moisture 
supervenes, the particles cohere in such a manner that no action 
of water can disunite them. Limes, when mixed with sand or 
grains of silox to form ordinary mortar, being very soluble in 
water, remain in a soft state when excluded from the air for a 
length of time; but when a small portion of pozzuolana is added 
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in ft finely-divided state, the lime loses its solnbility, and in n ^ 38 of alumina, and 7 of oiide of iron. Smeaton ooneideRd 
short time hardens under water. This is most probably caused I niinion, or siftings of the ironstone after oalcination at the iron 


by a ohemical combination taking place between the lime and 
the pozznolana. The Itomans formed hydraulic mortar also by 
combining pure lime with largo proportions of pounded brick. 
They employed mortar of this description to lino their reservoirs, 
and such mortars often exhibit a coating of carbonate of lime 
on their surface, but the mortar itse& is extremely hard. 
Smeaton employed, in the erection of the Eddystone lighthonso, 
a mortar consisting of equal measures of Aberthaw lime, in the 
state of hydrate, and of finely-powdered pozzuolana. The quality 
of the limestone employed in the formation, of hydraulic lime is 
of the utmost importance; that which con¬ 
tains clay, ma^osia, iron, or manganese, 
in the proportion of not more than from 
15 to 18 parts in 100 of the whole, is suit¬ 
able. Mortar formed from sneh lime will , 

set after siz or sovon days’ immersion, and '>■*• 

will continue to acquire hardness. Mortar j 

formed with lime obtained from limestone M} 

wbiob has, in addition, a greater amonnt 
of silica, set on the second or third /MM 

day after immorsion, and in a month will 
become hard and perfectly insolnblo. Lime 
is said to “ set ” when it will bear, without /j 

depression, a rod ono-tweutieUi of an jnch 
in diameter, loaded with a weiglit of 16 

ounoos avuirdapois. From the foregoing, __ 1 

it may be stated as a well-ascertained fact ^ llfllllillll li III I 
that no good hydraulic mortar can bo made vwl| W ^ U I 
without silica. The action of heat upon 
limestone is to drive off tho carbonic acid and water. If lime¬ 
stone is pnre it will boar a white heat j but if it contains the 


fnmaoOB and ground in a mill, equivalent to as mnofa pozznolana, 
and he employed this minion in making hydraulic mortar. 

The pozzuc^na we have alluded to is composed of siliem and 
alumina, varying in their proportions aocordiDg to the looikliiy 
j it is taken from. .That obtained near Naples is of voloanio 
I origin, and when carofully analysed has been found to contain: 


fiiliea 

. 44 5 

Oxide of iron 

. 12-0 

Alumina . 

. 15-0 

Soda 

. 4-0 

Lime 

. 8-8 

Potash . 

. 1-4 

Magnesia . 

. 4-7 

■Water , 

. 9-2 


Wo have dwelt somewhat lengthily 
B illIII i. i t 11 ii . I , npon the character and qualifications of 
Mwn/Wlmi'II' ' hydraulic mortar, because it ooonpies zo 
nil /r ’ highly an important posiUon in all matters 

m/MIM with submarine engineering, and 
w/////M/lIIllnll 1/ ill ranch care cannot be bestowed 

W//m///ll Mil /I II I in upon its formation. Wo now return to our 

Wvm/I/II/IiII II /TO *“®™ immodiato snbjeet. 

u/lli iiiiuii i iiii ®’^ breakwater, was ooca- 

'lllflnlllll I III I ®l®“olly adopted by the Bomans, and it 
i7////// //11 IIIII I f undoubtedly has its advantages in some 

WI//1 III 11 111 f si*'®®'**®"®' eonsists of a line of very 

II////ll II11 || strongly-constructed arches, and the re- 
ll JjUj ■ mains, which still exist, of some of these 

®P®® moles at Pozzuoli and Misennm show 
'illirliw ' J that the span of the arches was made equal 

P I 1 j I 1 /\ to their depth, whilst the piers were half 
IJ y y as wide agaui as the apertures. From 
tho groat depth of water in which somo 
of tho piers stand, there can be no doubt but that coffer¬ 
dams were employed in their construction. These coffer-dams 


properties necessary to render it a good hydraulic lime, it easily might have consisted of a largo galley having its sides oon- 
fnses; its calcination, therefore, requires more care. Tho heat sidorably raised, and sunk to tho bottom by weighty ballast, 
should never exceed redness, and the burning should not pro- when, by heainng clay aronnd tho sunken craft, tho bottom 
need too rapidly. If oxpos^ to too great a heat it booomos might bo romovixl, and tho foundations of tho pier laid. These 
vitrified on tho surface, and the corhonio acid is not driven off; open breakwaters hod considerable advantages iii breaking the 
oonsoquontly it will not slock. Hydraulio lime is now arti- force of tho waves, without hindering the flow of the water, so 
ficially prepared by mixing a certain proportion of alnmina or that no risk was run of the enolosed harbour becoming silted 
olay with a “ rich ” lime, and then calcining it. By a rich lime up. The mole at Misenum consists of a dovi>le open mole, the 
is implie<l a lime that donbics its volume in slaking, and retains ' two lines of arches being so arranged as that tho piers of one 
its consistency after row stand imme- 


being immersed for a 
length of time, and 
which will entirely 
dissolve in pnro water. 
Such a lime will ab¬ 
sorb nearly three 
times its weight of 
water in slaking. A 
jsw lime, on the con¬ 
trary, does not much 
augment its volume, 
and will only partially 
dissolve, absorbing 
not more than about 
200 per sent, of water. 
With hydraulio lime 
artifloially prepared, 
as above stated, a 



diatcly facing the 
openings of the other; 
thus a still greater 
barrier existed to 
br<!ak the force of the 
waves, and no risk of 
silting up existed. 

We shall now have 
to direct attention to 
the celebrated break¬ 
water opposite the 
port of Chorbonrg, 
commenced in 1788 
by Louis Alexander 
do Cessart. It was . 
nocesaary, owing to 
tho depth and violence 
of the sea at the lo- 


masa oomposed of 

hydsanlio lime and rabble is made, called hiton, the lime 
being slaked previous to its mixture. This b^tm seta well 
nnder water, and is very generally employed in France, wheas 
the ptera of bridges and other submarine works are founded 
npon it, tile b^ton being oomposed of aand, flint, and artificial 
bydranlio lime. proportion of lime and olay for the manu- 
&«ture of hydranlio lime mast vary according to their quality; 
as a rule, 20 parts of dry clay added to SO ports of rich un- 
alakod lime, or to 140 parts of carbonate of lime, is found to 
bo a food proportion; the finest and s<ifte8t clays are always 
preferred. Hydraulio cement can be made containing 34 parts 
of olay, and 02 of oarbonato of lime; and a lime obtained at 
Harwich, which seta very quickly, has 47 ports of clay, and 49 
of carbonate of lime. Barker’s cement, patented in 1796, is 
formed from a limestone found in beds of clay. It exists as 
nodules, which are called sepfana, and contains 55 ports of lime, 


colity fixed npOn for 
this Btmotnre, that some portions of it should be caxri^ np to 
the height of 80 feet. To obviate tho difficulty of building a solid 
mole, Cessart anggeated tho nae of large tmnoatod wooden cones, 
loaded with atone, and placed in a line at a distance of IJ miles 
from the shore. These cones were prepared on land, and floated 
to their destined position. All above the level of low water, 
after they were sunk, was to bo filled np with masonry, faced 
with granite, and laid in pozznolana, 

The method of constmeting the cones was as follows:—A 
oirole of 150 foot diameter was traced out npon a platform pro- 
vionsly laid down on the shore. * Aronnd this were sot up 90 
timbers, at a distance of about 5 feet 3 inches from centre to 
centre, and so inclined towards the centre that at the top tii^ 
were gathered into a cdrdlo of about 04 feet diameter; the per- 
pendioular height of the cone was nearly 70 feet. Eaoh of tho 
inclined timbers conaiBted alternately of five and six pieces. 
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The soantliAg of the timboTB at bottom was about 13 inohoe 
square, and gradually diminished to K inches square at the top. 
The reepective pieces were joined by a doTetadod scarf, 18 
inches in length, the two ends of the scurf being secured by iron 
bolts and nuts. The inclined timbers wore bound together by 
parallel horizontal rows or rings of timber, six rows on the out¬ 
side, and twenty-four in the inside. Those timbers consisted of 
oak and beech, and had a scantling of 13 iifbhes square. 

In order to float those immense timber structures, Cossart 
had recourse to casks, which he preferred to vessels, as being 
more under the control of the engineer, and more easily de¬ 
tached. The casks employed wore 12 foot lung, and 7 feet in 
diameter, and hod each a power of flotation equal to about 
28,000 lb. The entire cone, when oompletod, was calculated 
to weigh two millions of pounds, and, to onsure buoyancy, 35 
casks were attached to the inside of the base of the cone, and 
49 to the outside, whUst 31 smaller casks wore placed inside. 
These casks were fastened by ropes to the structure, at regular 
interrals, all round, and in order to sooure simoltanenns action 
in the lemoTal of t^ casks whon the structure was floated over 
its proper position, loaded knives, similar to tbo guillotine, were 
Buspondod over each rope which held a cask; these l>eing sus¬ 
pended from, the upper part of the cone by ropes, could at any 
moment be let fall, when the released cask would come away. 

Cessart arranged that certain casks at diametrically opposite 
points of the oone should bo released at the some moment, and, 
upon a given signal, the oone being floated over its proper posi¬ 
tion, twenty-two of the casks were released, when immediately 
the oone sank 18 feet. Thus, by degrees, was each cone settled 
down upon its bed. The number of cones sunk was eighteen, 
and these wore placed at irregular intervals, tlio extreme length 
occupied by thoir line being 12,470 feet, measured from the 
centre of the two oxtromos. After the oones were placed they 
wore loaded with stono, and a great quantity was thrown in 
around their bases, and between their several intervals, for the 
purpose of breaking the force of tlio sea, the amount of stone 
deposited exceeding in the total 100 millions of cubic feet. This 
breakwater cost altogether upwards of .£000,000. The timber 
of the oones soon went to decay from neglect, and the stones 
they contained fell into a natural slope with those around thorn. 
We subjoin two illustrations of this truly bold and original 
undertaking. Fig. 30 shows a portion of plan of the oone, with 
the casks attached around the base, and the interwoven ropes 
tending to the centre of the cone, in order to prevent the 
structure from spreading out. Fig. 31 represents an elevation 
of tho cone, the sloping timbers resting at thoir foot upon a 
circular framing at a, and leaning towards a centre at tho top. 
Vertical pieces sharpened a.s piles wore fixed at the base, in 
order to take hold of tho ground when sunk. 

A breakwater of an important character, owuig to its great 
usefulnoBs, was erected at the mouth of the harbour at Aber¬ 
deen by Telford. Tins work wos commenced in 1808, So far 
back os 1769 it was contemplated to improve tbo harbour. 
The north-easterly winds, whioh frequently blow with groat 
violence on this coast, were found to drive largo deposits of 
sand, gravel, and shingle, which acoumnlatcd outside the mouth 
of the Dee, into the main channel, and choked it up. Smeaton 
was the first engineer whose assistance was sought for to 
remedy tho evil. The position of tho harbour’s mouth is 
peouliar. Tho river Deo finds its way into the German Ocean 
immediately to the north of a projecting head of land, 
stretching for nearly a mile due east. This head receives tho 
full force of a north and north-cast wind, there being no 
counter-projection for many miles to the north. Tho result is 
that the set of tho tide carries with it tho sand, which forms 
the chief oharacteristio of this coast, an<l deposits it at tho 
mouth of the river, whioh, except whon there is on abundance 
of land-water, cannot force its way throngh tho accumulation at 
ebb-tide. Smeaton, guided by his observations of this oircum- 
stonoe, recommended the erection of the north pier te serve the 
double purpose of a breakwater, and also to confine tlio land 
freshets till they arrived at tho deep water, and to prevent the 
sand and gravel from being driven in. 

Re designed this pier in three sections. The first, resting 
upon tho land, and not subject to the effects of tho sea, was 
400 feet long, 20 feet broad at the base, 12 feet at the top, and 
12 feet high. The second section was also 400 feet long, but the 
base was extended to 28 feet, the top to 14'5 feet, and tike 


I height 20 feet. The third section extended 546 feet further, 

I and had a mean breadth of 36 feet at tho base, and 24 feet at 
the top. Tho moan thickness of the sides was 4'5 feet, and tho 
space between was filled in with rough stones. Tbo parapet was 
4'5 feet thick at tho base, and 3 feet at the top, and was 4 feet 
high. The cost of this pier was ^10,000. It was completed 
in 1778. The effect of tho pier was what had been anticipated, 
so fax as freeing the passage was concerned, but it also had the 
effect of permitting the full force of tho unbroken waves to enter 
the harbour and to expend themselves upon anything therein. 

This was too sorious an ovil to remain. Smeaton therefore 
snggesiod that from the sontb side of the mouth formed by the 
north pier, a catch-pier or breakwater should bo formed by tho 
deposit of rough granite stones, projecting towards the middle 
of the open space, and inclining within the harbour. This, ho 
thought, would catch the swell of tho waves, and throw them 
away from the harbour upon the headland already alluded to; 
leaving at the same time a door passage of 300 feet for vessels 
entering tho harbour. 

This catch-pier was formed of blocks of split granite, this 
work being done at the quarries. They wore cut into wedge- 
shaped pieces, and made of parallol faces, each altemato atone 
composing the circular end of the pior being a header, the 
others tending towards tho centre. The header stones were 
firmly secured by their small and inside ends to a cross stone 
by means of an iron cramp; these being seenred, tho reversed 
stones could not, of course, move. The iron cramps which 
BCGured tho header-stones were an inch square, tamed down at 
their ends, and fitted into holes “jumped” in the stone, not 
leaded, but retained by wooden wedges, as the weight of tbo 
courses above was sufficient to keep them in their places. 


GREAT MANUFACTURES OF LITTLE 
THINGS.—IV. 

PINS. 

BT CHABLE8 HIBnS. 

The v'sitor to a modem pin factory, who sees before him a row 
of very noisy and excited little machines, each taking in wire at 
one extremity, and delivering perfect pins at tho other, in a con¬ 
tinual stream, without more attention than is involved in pre¬ 
senting a new coil of wire to be swallowed when tho former one 
is mn out, will bo stmek by tho contrast between tho pin 
manufacture ^of to-day, and that described by Adam Smith, a 
century ago.That great economist, it is familiarly known, chose 
the making of a pin as tho aptest illustration of the advantages 
of division of labour. “ One man draws out tho wire; another 
straights it; a third outs it; a fourth points it; a fifth grinds 
it at the top for receiving the head ; to make the head, requires 
two or three distinct operations j to put it on is a peculiar 
business ; to whiten the pins is another; it is even a trade by 
itself to put them in the paper; and the imviortant business of 
making a pin is, in this manner, divided into about eighteen 
di.stinot operations, which, in some manufactories, are all per¬ 
formed by dwtinot hands, though in othore tho same man wlU 
sometimes perform two or three of them.” ■ In this way, argued 
the author of the “ Wealth of Nations,” a man was enabled to 
produoe some thousands of pins in a day, whereas, without 
division of labour, bo could scarce, perhaps, make one, and cer¬ 
tainly not twenty. Each of the machines now in use will turn 
out 300 perfect pins in a minute, and one man, with the assist¬ 
ance of one or two boys, can attend to ten or twelve machines. 

S io statistics of this industry contradict the usual economic 
eory, that tho introduction of machinery benefits tho labourer 
by increasing the demand for his servioos. As tho result of a 
somewhat painstaking inquiry, the following may bo tivkon as 
an approximate estimate of the numbers employed in tho best 
days of the old system of band manufacture:—Skilled handi¬ 
craftsmen, stamp-setters, pointers, d.-awers, head-cutters, 
whitoners, etc., 320 ; women and children, employed in heading 
and sticking, 3,900; in all, 4,220. In addition to these, pin- 
beading found an occupation for a large number of youthful 
oriminals and paupers in our gaols and workhouses. At 
the present time the total numbers employed would certainly 
not reach 1,000, although the production of pins has, perhaps, 
multiplied sevenfold. The comings of the men are also much 
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BBtaller than is the old times. A pin-pointer of ordinary 
■ Trill conld earn on an avera^ AS per week; a drawer or 
heod-cntter oonld make nearly os mnoh; while a etamp- 
eetter, who was, properly speaking, a sort of sub-oontraotor, 
employing women and children, and making a profit ont of 
their labonr, could realise from AS to AlO per week. Few 
men now earn more than from SOa. to 408. at any branch of the 
trade. The women employed in the modem manufacture cer¬ 
tainly earn more than double the wages formerly paid, but then 
their numbers are but as 1 to 40. Neither does it appear 
tW the manufacturer has been much of a gainer, the profits on 
the business, oonaequont on the introduction of machinery, 
bearing no sort of oompariaon with those realised in the cotton 
trade under similar oircumatances. The chief portion of the 
benefit has, no doubt, gone to the public, in the shape of a 
greatly enhanced cheapness of the article; thongh it may bo 
doubted whether the national wealth is much increased by the 
buahels of pins that must be swept away into dustholos every 
morning, after having been carelessly thrown away. Of the 
twenty-five tons of pins produced on an average every week, it 
ia probable that at least twenty tons are absolutely wasted. 

The pin itself being nnivorsally accepted as the very emblem 
of insignifioance, not much ia to bo said regarding it. But the 
vaziona stages in the history of its manufacturo, with their 
accompanying vicissitudes, will bo found replete witli interest to 
the mechimiaal student and the economical inquirer, as illustrat¬ 
ing the great ingenuity displayed in, and the importent interests 
connected with “ Groat Manufoctnres of little Things.” 

The metal pin, as on article of convenience or adornment, is 
of very remote antiquity. Isaiah, in inveighing against the 
fripirery of the daughters of Zion, speaks of their crisping pins. 
Hair pins arc referred to^by Martial and by Juvenal as having 
been worn by the Boman ladies. Strutt, in his emdite work 
on the oostumos of the Hnglish, makes mention of hair noodles 
or bodkins as being used by the Saxons in the eighth century. 
It ia nearly a matter of coitainty that the making of pins, as a 
trade, found its way hero from France in the reign of Queen 
Elizabeth, and that the first homo of the manufacture was in 
Olottoestcr. So late as 1840, Gloucester continued to be one 
of the principal seats of this teade ; nor was it until 1854 that 
it finally deserted that cathedral city for Birmingham, which 
now enjoys almost a monopoly of it. 

It is proposed to take the reader through a manufactory of 
the old stylo, and explain to him the processes, which, tliough 
now ont of date, will assist him in comprohonding the difficul¬ 
ties surmounted, by alow and gradual degrees, in Bubstituting 
for the skill of human fingers the automatic labour of machines 
of iron and steel. Tho successive mechanical inventions intro¬ 
duced into the trado with that objoot will be desoribod in our 
next paper. 

An important part of tho old process was that of drawing the 
wire. Mill wire was not then delivered in a state of such high 
finish as at present, and the pinmaker had to perfect it before 
ho could proceed. It is soarcely nooossary to dosorihe the 
operation. It oonaiats in dragging tho wire through tapering 
holes in a steel block, each snooeasive hole being emallcr than 
tho last, thus bringing tho wire gradually down to gauge, aud 
lengthening it out. Tho .wire being wound on to a drum or 
cylinder as it was drawn, was made np into bundles of a circular 
shapo; and these bundles being delivered to the pinmokors, 
tiieir first core, on unwinding them, was to straighten tho wire 
preiMzatety to cutting it off in lengths. Tho method of doing 
this was apparently simple. Tho ooU of wire was slipped on to 
a reel of oonioal shape, revolving easily round a pivot, Tlie 
end of tho wire was conducted to a block of wood, in which were 
stuck n series of pegs, arranged in a zigzag fashion, and tllb 
wire being threaded so as to pass on the outside of each, and 
aftermrdB between two rows of others set in line to act as 
guides, on being pulled through with a pair of pincers, came 
out perfectly straight. We have said apparently simple, 
because a groat amount of skill and prontioe was required in 
cettinj|r the pegs, and their position had to be varied according 
to tho 'thioknosa or hardness of the wire. A long shallow trough 
extended ^m the straightening block, and the workman polled 
out the irites to tho length of this, and then cut them off, the 
trongh serving tim double pnrpose of a length gauge and a 
rwef^aole. The wires were then ont into lengths sufficient for 
•ix pihe, and, in that state pointed at both onde. The pointer 


sat before a spindle, carrying two circular files (one rough and 
the other emooth, and about the size of the little grindstones 
which form part of the apparatus of an itinerant Tazor-gTinder> 
round at the rate of about 7,000 revolutions a minute. Takiz^ 
a number of the wires between the thumb and foro-fii^Br of his 
left lumd,he rolled them backwards and forwards,while thumb 
of tho right hand pressed their niba upon the file. Two turns upon 
each of the files were sufficient to make a clean and sharp point. 
A clover pointer could take np fifty wires at a time, and make 
500 points in a minute. A pin’s length was then cut oS from 
each end of tho wire, after which it was again pointed at both 
ends, again cut off, and again pointed, this time being out 
through tho middle. 

Tho head of on old-fashioned pin oonsjstod of a turn or two 
of very fine wire wrapped round the blunt end, forming a sort of 
knot. Wo may romomber how it used sometimes to slip down 
tho shaft, like the time-ball in the Strand. In order to form* 
tho heads, this wire woe wound upon another wire of the same 
gauge as the pin, olosoly and evenly from end to end, about forty 
feet. Being then slipped off, it was chopped up into little coils 
of two or two and a-half turns by a sort of gnillotino. Tho 
method of threading on tho pins was primitive. A little boy 
pnt two or three handfuls tho heads into his apron, and 
taking half a dozen or so of pins in his fingers, worked thorn 
about in tho heap until they threaded tliemsolves by accident. 
Tho heads were afterwards riveted on by another operator by 
moons of a little die, and a punch worked with a treadle. 

Tho pins were whitened by moans of boiling thorn in water 
with grains of motallic tin and a certain quantity of bitartrato 
of potash. Tho only remaining process was to stick them in 
the paper, of which the old-fashioned method was as follows:— 
Tho paper being rapidly doubled, after having boon previously 
crimpled by a machine, was pinched between the jaws of a vice, 
jnst sufficient of tho two folds being loft protruding. The top 
of tho vice was nicked transversely, to correspond with the two 
half rows of pins, and tho girl having a heap of pins before her, 
raked up a few of them with a oomb, thus getting tho hoods all 
one way. Laying these on tho top of tho vice, she rubbed them 
about until one lay in each of the nioks, when, brushing off tho 
romaining ones, she gave a push witli the back of the oomb 
against the hoods, and every pin entered the paper in its proper 
placo. ' 


PAPEE AND CAEDBOAED AIAKING.—lY. 

BY OEOBUS: TIHDABL. 
rAPEB-MAKING BY MACHINE. 

The process of patwr-making is now divided into two totally 
distinct methods—^thot by hand, tho old process ; and tho com¬ 
paratively new and much more rapid process by means of tho 
paper-machine, although tho process of preparing pulp is the 
same for both methods of making. Paper made by hand ia now 
almost ontiroly confined to strong and tough writing-papors for 
aooonnt-hooks, drawing-papers, bank-notes, loan-papers, etc. 
These papers being dried in sheets suspended on cords, shrink 
oonaiderably while passing through this process, and thus 
acquire a tenaciiy unattainable in papers finished at machine, 
whore tho paper is dried on heated cylinders as soon as it is made, 
and in a oontinnous wob; but by cutting the sheet, and after¬ 
words sizing and drying in the eamo way os hand-mados, 
maohine-mado x>apors are made to approach thorn very nearly 
in many of their most valued qualities, and bid fair ehortly 
to entirely supersede the older process. 

Tho various materials being now judiciously mixed, oolonred, 
and redhoed to tho finest possible fibres by tho processes already 
described, and which may bo considered as proparatuiy, thoso 
fibres arc now to bo oouvorted into one oontinnous sheet of 
uniform thickness, and with as much strength and tenacity as 
can bo given to it. Although the greater part of tho paper 
mode by machine is termed “ wove,” yet the method of making 
bears no analogy to tlie process of weaving by which woollen 
aud cotton fabrics are mode, in,which tho fibres are warped 
together into a continuous thread or yam, and these threads are 
made to cross each other a process similar to the darning of 
a etecking, and a oontinnons oloth ia the rosnlt; the papor- 
cloth is made by the natural interweaving of the fibres as. '^oy 
settle together in the prooosa of manufacture. Thaoretioally, if 
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ire plMM a quantity of papor-pnlp with water in a flat tray or thiongh the wire, and only the portion ooiered with pulp is 
trough, the delicate fibres floating in the water will gradually actod upon. 

fsU to the bottom, interlacing each o&er in their descent, and From the hoad of the machine to the first of these suction- 
forming a film or ooating at the bottom of the trough; and if the boxes, the pulp has been in quite a fluid condition, and is 
water ^ drawn off without disturbing the film, or eiaparated, prevented from spreading and tunning off the edges of the wire 
and the film dried, a sheet of paper is the result; and practically by means of a continuons india-mbbor band about one inch 
this is what is done in paper-making, moans being taken by square called a “ deckle strapthis is pressed lightly on to the 
machinery to remove the water and dry the paper as quickly wire by means of a brass frame-work, and it returns over pulleys 
as possible, and also to impart to it other necessary qoalitioB as shown at J, motion being given to it by the wire sodhat they 
not possesi^ by tiie simple film above mentioned. travel together. Between tlie two suction-boxes is placed the 

Paper-making by hand, though still carried on in this country dandy-roll, K, and here the film having been formed on tire wire, 
for the strongest descriptions of paper, is so for surpassed by and sufficient water having been drawn out of it to leave it a 
the paper-making machino, that we shall describe the latter firm mass, is begun to be manipulated; the dandy-roll presses 
process first, referring to the former in our next article. lightly on the film as it passes underneath it, and revolving in 

The diagram'of the paper-making macHlne in the next page will union with the wiro in the same way as the deckle-strap, it forms 
enable us more readily to describe the various processus. It is the upper surface of the sheet, the machine wire forming tho 
drawn as simply as possible; tho driving-gear, frame-work, and lower one; it is also used to impress in the paper any letters 
many of the bearings, being purposely omitted to show more or device called the water-mark, as. any impression here given 
distinctly the parts required for dosoription. tp tho sheet is retained through tho subsequent processes and 

Tho pulp being brought from tho beating engines into the up))oars afterwards in the finished paper. If a wove paper is 
two large stuff-ohests, a, is kept constantly agitated by means of required, tho dandy-roll is covered with woven wire, some as tho 
a spindle furnished with oross-bars of wood, and driven by a machine wiro, 'and a paper uniform on both sides is the result; 
bevel wheel over the centre of tho chest. It is then raised by if a laid paper is being mode, tlic dandy is made of longitudinal 
moans of a pump into tho small chest, from whence it flows wires crossed with transverse ones about an inch apart; these 
into the mixing box, c; the quantity admitted being regulated wires press into tho surface of tho pulp, forming tho well-known 
by a tap. Throe pipes open mto this box, one convoying tho laid mark, the lower surface being tho same os the wove paper, 
prepared pulp, one bringing tho bock-wator, os it is termed, i Letters and other designs ore mode of fine wire attached to the 
from tho machino—that is, the water drained away from the | dandy-roll, and these designs, as they ore impresBcd into the yiold- 
pnlp, carrying with it some of the materials which are thus, ingpulp,bpcomepennanentIy fixed in the sheet of paper so formed, 
brought back to bo used over again—and also a fresh-water pipe. | and cannot afterwards bo erased without destroying the sheet. 
In tWs box tho pulp is mixed with tho back-water, and, if neees- j Tho wire with tho sheet of pulp thus formed next passes over 
sary, with a quantity of fresh water also; and so mixed, flows the sreoTid vacuum-box, where it is still further exhausted of 
over into a long wooden trough, D, called the “sand-catcher,” from | water, the action hero being considerably stronger than, in the 
its having at short intervals along its course wooden iirojoctions | first, and then passes between a pair of large cylinders called 
from tho bottom, in order to catch and retain tho sand and i “ couch rolls,” l, covered with closely woven woollen felt, where a 
heavier impnritioB which fall to tho bottom by gravitation during I considcmble pressure is employed, to compact tho pulp together 
tho course of tho fluid. It will have boon noticed that in every j into a close thin sheet, and squeeze out tho remaining water, 
process of preparation some means have been taken to separate I Tho felt on the upper roll is kept thoroughly saturate.d by a 
and reject the dirt and othor foreign matters noocssarily mixed eontinnons stream of water flowing over the top of it, and kept 
witli tho various materials used. This is of groat iiiiportancc, from running off by a board pressed closely to the felt, and 
especially for fine papers, and too much care cannot bo token at tliis prevents the paper, now completely formed, from adhering 
every step ; hitherto, however, tho pulp has not been passed to tho rolls, so that it still follows the et'nrso of tho wire ; but 
through a sieve, l>ut this must bo done before it is allowed it is now siifBciently strong to bo handled, and the wire being 
to flow on to the machine. For this purpose it runs from the carried round the lower couch roll and returned to the head of 
sand-catcher by means of tho lips marked into tho trough, f, j the inai'liinc, the sheet is detached from it and carried on to a 
the bottom of which consists of brass plates cut with very fine fell travelling round a wooden roll in front of the couch roll and 
slits called strainer-plates; Uio slits vary in breadth according a very short distunoo from it. The sheet is now called vrator- 
to tho qimlity of paper to be made, but for printings and OTitings leaf, and resembles a sheet of blotting-paper saturated with 
they are very fine; and these strainers being kept constantly water. The felt, M, now carries it between a pair of metal rollers, 
vibrating by means of a stud working on a ratchot-whcel. tho the upper one being very sniuotb and well finished, and here it 


clean pulp is passed through into a vat in which the straiiiofs 
are placed, leaving tho residue to be raked off and carried away. 

From tho strainers the pulp flows in a broad streiim on to the 
machine. It is rccoivod on an endless wire wob, q, kept travelling 
over a series of rollers, and here tho process of extracting tho 
water at once commenoos. This portion of the mae.hine is 
agitated from side to side by means of suitable machinery, and 
by this shaking motion the pulp is evenly distributed over the 
wire, and forms os it were a deposit upon it, a portion of tho 
water passing through tho interstices of tho wire, the rollers 
underneath assisting in the withdrawal of tho water. At H tho 
wire passes over two broad boxes collod snetion-boxos, and here 
means are taken to draw a considerable portion of tho water nut 
of the pulp, by creating a vnonnm in these boxes underneath tho 
wire; this is done in vorions ways, tho usual and oldest method 
being by moans of a set of three air-pumps placed behind the I 
machine, a oontinuons partial vaennm being kept np by the ' 
alternate action of tho three pnmps. For many papers, ' 
however, the vaounm caused by the fall of a column of water | 
throngh a pipe aommnnicating with these boxes, and passing! 
down under the maohino, is snffioient, the pipe being bent | 
upwards again at the bottom to prevent the air from passing np ; 
,into the boxes. A more eSeotnal method is by injooting a jet 
of steam into this pipe, -^os fordbly expelling the water! 
qniokly, and forming a more powetfnl vaennm. Loose ends are 
fixed into the boxes worked by means of a screw, and these 
are brought np to the edge of the mass of pulp flowing alongihe 
wire, and ihns the air is prevented from entering the boxes 


is subjected tu oonsiderable pressure, and tho side next the roll 
is rendered much smoother and finer, and from this roll it ie 
oarried to nncUicr felt passing between another pair of press- 
rolls, •nhcro the opposite side of the sheet is next the smooth 
Furfaco of tho roll, and tlius both sides receive tho same 
irentmont. 

Tho sheet of paper, if made from engine-sized pnlp, and if 
groat tenuiSty is not requisite, is now practically made, and it 
only requires tp bo dried and the surface mode suflioiontly 
smooth by calendering, to bo reiwly for cutting and packing for 
sale. The drying is performed by passing the sheet over a 
series of metal cylinders, n, heated by steam introdneud into 
one axis of tho cylinder, and passing out at the other: small 
rollers of wood or metal placed near tho cylinders conduct the 
paper, and ciiuso it to cover ns much of tho surface of the heated 
cylinders os possible; and the drying is promoted in must 
machines by means of thick woollen felts, wbioh arc made to 
press against ns largo a portion of tho cylinders ns jKjB.sible. and 
by means of which the sheet of paper is pressed closely to the 
cylinders, the drying being assisted by the heat of the felt itself. 
After being sufficiently dried the paper is passed through a 
series of highly polished and heavy metal rollers, o, for the 
purpose of receiving a finer surface, and in ninny casdk two or 
more of these calender rollers aro hollow and h^ted by steam 
to inoreaso tho effoot. The paper is then cither nt once out into 
sheets of tho required size by a cutting machino placed at the end 
of the maohino, or is reeled upon wooden rollers to bo cut after- 
-wards at a detached machine. The reeling apparatns, r, consis' e 
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of a stand, on vhioh four loUerH 
are placed, the ends resting in 
bearers in a circular disc, and 
driTen by a belt passing round 
a friction-pulley to prevent driv¬ 
ing too fast and breaking the 
paper. When one roller is fnll 
the disc is turned a quarter 
round, dnd another roller is 
brought to the top of the disc ; 
tho paper is then broken and 
XMtssed round the now reel, the 
old one being afterwards removed 
and an empty one substitated. 

The general proeesa of paper¬ 
making being now fully detailed, 
we will proceed to describe those 
modifications or additions to this 
process necessary to produce 
special descriptions of paper, 
and of these tho most important 
is that of animal sizing, which 
is absolntely necessary for all 
writing papers. The most com¬ 
mon way of sizing in the ma¬ 
chine, is to place a vat or trough 
the width of the machine in a 
suitable position about midway 
between tho drying cylinders : 
this trough is filled with size, 
which consists of tho gelatine 
prepared from waste from tho 
tanners, curriers, and parch¬ 
ment manufactarora, and the 
paper is carried through tho 
size by means of rollers suitably 
plaoed, and it is then passed 
tlirough a pair of rollers which 
press out tho superfluoas size, 
and ])rooeeds at once to tho 
second sorioB of drying cylinders, 
tho fiist throe or four of whioti 
are skoleton-cylinders, inside 
which aro a numbor of fans 
rapidly revolving, and thus 
causing a current of air to assist 
in drying the paper. A more 
oomplote arrangement oonsists 
in passing tho slieoi as it comes 
off tlio maohino through a large 
vat of size, and then conveyiug 
it over a oonsiderable nnmber 
of skoloton-oylinders in a room 
appropriate to this purpose and 
heated by steam; the drying in 
this case is much slower than 
by iieatod cylinders, and the 
paper thus dried is liardor and 
tougher. 

An arrangement now often 
added to the ];>apor machine, is 
to place a pair of glazing rolls— 
precisely similar to the calender- 
rolls before described, ami heated 
by steam—before tho last throe 
or four cylinders. By this 
means the paper is subjected to 
tho glazing process before it Ls 
thoroughly dried, and a much 
more highly polished surface is 
the result. This is ^norally 
adopted for fine printuigs and 
other papers whore surface is of 
importance, as a subatitute for 
plate glazing. 

The number of drying cylin¬ 
ders attached to a machine is a 
matter of great importance, for 



unless the paper can be dried 
sufficiently fast, tho speed of 
the machine is impaired, and 
the quantity of paper made in 
tho time greatly lessened. The 
keen competition of late years 
has led to paper-machines being 
driven at a mnoh higher speed 
than formerly, and an inoroased 
production from tho same ma¬ 
chines is tho rosnlt. Formerly 
00 or 80 feet per minnto was 
tho usual rate of speed; now 
many machines, especially on 
news, are driven at 130 and 140 
foot per minnto, and this must 
be perfectly dried when it reaches 
tho end of the maohino; so that 
it is not unusual to see fifteen 
or sixteen cylinders attached to 
a machine of this dosoription. 
Formerly, also, machines of forty 
to sixty inches were the widest 
need; recently, many maulunos 
making paper over 100 inches 
in width have been erected ; so 
that although tho numbor of 
paper-mills is but little, if at 
all, greater than some years ago, 
tho amount of paper made is 
very greatly increased. 

Much discussion has lately 
taken place with regard to tho 
best means of straining tho pulp 
before it flows on to tho ma¬ 
chine, the method almost uni¬ 
versally adopted being to employ 
two or more largo strainers, of 
about six feet by two feot, and 
when the dirt strained from tho 
pulp accumulates upon tliem, it 
is raked to one side and lifted 
out. This raking of the plates 
passes through them a consider- 
able portion of tho accumulated 
dirt, and foul paper at tho time 
is tho result. To remedy this, 
lovolviug strainers have been 
tried, and more recently strainers 
in which the pulp is made to 
flow across tho plate in a rapid 
stream, tho residue being carried 
by tho wash off tho plato, and 
further strained by means of an 
auxilioxy strainer, and brought 
bock to tbo mixing-chest. 'This 
is an excellent plan where eno 
kind of paper is continuously 
made at liie machine, but a 
bettm? and more simx>le arrange¬ 
ment is to have a oonsidorablo 
number of small strainers in 
separate boxes, instead of two 
or three large ones, as the flow 
of pulp into any ono of these 
can be stopped when the slits 
are clogged and the plate lifted 
to be oleanod, without passing 
any of the impurities ooUeoted 
on it into the vat. 

For many papers where uni- 
fonuity of surface is not of im- 
portonoe, the paper is not passed 
through the seoond pair of press 
rolls: this leaves the paper 
thioker and more bulky, but 
wi& ono surface a little rougher 
than the other. 
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TECHNICAL DEAWING. -LVI. 

OOTBIC STONEWOBK. 

EA1U.T EltaUSB OBMAMSNTB. 

Tbx most ohamciteristio ornamont of this period is that called 
the “ dog-toothbat why it has obtained this name is not 
qnite clear, siuoe it is not mnch like a dog’s tooUi. It seems 
most likely that the name is derived from the dog's-toothed 
violet. It is, hofr- 
ever, known as the 
"toeth ornament," 
and is really a solid 
rendering of the 
sigzBg. It consists 
of a flower of fonr 
petals bent back¬ 
wards, the division 
between the petals 
being placed in tho 
middle of the sides 
of tho pyramid thus 
formed, the pyra¬ 
mid itself being 
placed on its base 
against the hollow, 
with its apex pro¬ 
jecting. This oriia- 
mont varies to soain 
extent in differenl 
examples, but 
always jmesents tho 
same general ap¬ 
pearance. Tims, 

Fig. 487 is th.i 
simplest form, 
whilst in tho group 
of capitals (Pig. 

479) the pyramid 
is perforatiri and 
ornamented. 

The position of 
-the ornament is 
also shown in Fig. 

484. 

'The crocket, tho 
name of which is 
derived from the 
French croc, a 
^‘huok,’’ is an orna¬ 
mont need to dooo- 
rato tho rib or 
edge running up 
the angles of spires, 
pinnacles, gables, 
canopies, etc. The 
crocket is supposed 
to roproaont the 
' crook of a bishop’s 
pastoral staff; and 
in this form one of 
the earliest and 
simplest is that 
shown in Fig. 488, 
taken from Idnocdn 
Cathedral, which 
exhibits a simple 
curve turning back¬ 
wards. Crookote of tho Early English stylo arc often simple 
trefoU leaves, and somotimee bunches of such leaves, placed at 
considerable intervalB and curled backwards. Early specimens 
®*e to be seen at Salisbury (Fig. 489) and at Wells. 
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with those of that which followed, the character of each bemg 
distinotly marked. 

A beautiful method of ornamenting fiat surfaces was preva¬ 
lent at this and the subsequont peric^ originsting during the 
Norman time : this was tho manner of covering walls or portions 
of them with what has been called “ diapering." The diaper 
usually consisted of a small flower or geometrical pattom, 
carved in low relief, tho pattern being repeated in separate 

squares. One of 
these diapers (from 
Westminster Ab¬ 
bey) is given in 
Fig. 491, and tho 
subject will bo re¬ 
verted to further 
on. 

The charaoter of 
the foliage of this 
period has been 
already referred to. 
'rhe crispness of 
the leaves, not ob¬ 
servable in other 
styles, although 
imparting a st^- 
noas, still has a 
beautiful appear¬ 
ance, being worked 
with much taste 
and freedom. 
.Amongst the varie¬ 
ties of foliage tho 
trefoil is predomi¬ 
nant ; tho two lower 
lobes, and some¬ 
times all throe, ore 
worked with a bulb 
or swelling in the 
centre, the middle 
lobe being often 
larger than the 
others. Elegant 
scrolls of this foli¬ 
age are often placed 
in tho spandrils be¬ 
tween arches. 

The ornaments 
'carved on the ends 
of the keystones of 
the ribs of groined 
roofs ore called 
"bosses.” The 
character of the 
ornamentation will 
be seen in Fig. 492. 

If the transition 
from Norman to 
Early English was 
gradual, that from 
Early English to 
Decorated was 
much more so; and 
we have many curi¬ 
ous examples of tho 
different stages of 
the change. There 
' ' con be littlo doubt 

that Early English was still in use in some parts of the kingdom 
—^nnwilling, as it wore, to depart from the scone of its triumphs 
—at the same time that in other localities complete Decorated 
was becoming general; and thus the terms adopted to detignato 



Fig. 492. 


Fhiitis (lat. jinirv, “to finish") are, as their name implies, tho different periods must notby any means betaken as definite, 
the finishing ornament at th(^ apex of a spire, and consist, as it or os commencing and closing at any particular date, bnt merely 
of a bnneh of crockets. In tho Early English period ' as indicating the broad classification of tho stylos and details, 
the &ual was node np of foliage in character wi& the and for associating them with particular reigns for oonvenionoe 


omkets and other featnros of tho style. Fig. 490, from { in study. 
Westnm ster Abbey, is an illustTation of this; and it wijl bo 
“toeesting to oompaM the orookets and finials of this period 
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THE SBCO&ATXn FBBIOD. 

Thia style has been termed tho " Middle Pointed ” or tha 

60 
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THE TECHNICAL EDTJCATOE. 


"Edmurduxi” liating had its oommeneement inthe reiga of 
Edwwd L, and arriving at maturity in the reigna of Edward 11. 
and Edward III. It dates thns from about 1307 to 1377, or a 
little later, and may be named generally the style of the fonr- 
teenih oentnry. was the onlminating period of all tiie 

beantiee of CMhio architootore. It rivals the preceding style 
in ohastenesB and ologanoe, whilst it surpasses it in richness. 
The wondrons geometrical oombinatioas in the ever-varying 
traoery; the foliage drawn direct from nature ; the exquisite 
taste with which the construction was decorated, instead of being 
disguised, all tend to elovate it to the highest rank in meditev^ 
art, and especially so sinoo it is free from the extravagant and 
redundant ornamentation of iho succeeding stylo. 

There is no very novel feature in the arches of the Decorated 
period. The cqnUateml is perhaps, upon the whole, the most 
used, at least in early work; but the drop arch is constantly 
met with, and lancet, and even small semi-circular arches are 
found in window traoery, arcades, and niches. 

There is, however, one form that may bo considered ns cha- 
racteristio of the style—that is, the ogee arch. Although 
originally introduoed into (rothic architecture at a much earlier 
period, it first come into general nso in this country in the four¬ 
teenth oentnry. Prom its constructive defects it is principally 
confined to the smaller class of work, such as arcades, niches, 
and the compartments of window tracery; it is also much used 
as a canopy over an equilateral or drop arch. 

The arches of this period have one peculiarity by which they 
may be distinguished from those of the previous one—namely, 
that the moul&ngs frequently ran oontinnously down the piers 
without being stopped by a capital. Theso continuous oroh- 
monlds became still more common in the next period. 

The shafts of piers in small parish ohurohes are generally of 
a simple oiraalar or octagonal plan, similar to those of the pre¬ 
ceding period; and tiie capitals and banes must bo examined in 
order to distingmEih them. They differ from the Early English 
examples in being attached to, while in the previous sl^le they 
were detached from, each other, and most frequently from the 
central shaft. 

The plan of these clustered piers is often that of a lozenge, or 
of a sqnaro'plaoed diagonally. Another shape is that of a qnatro- 
foil; but others, too nnmorons to mention, are also found. In 
many instances wo see four or more main shafts, with smaller 
shafts introduced between them. Fig. 493, which is the plan 
of a pier of the Decorated period, may bo oompared with Fig. 

, 494 ot the Early English and Hg. 495 of the Ferpendioalar 
period, the last of which will be desoribed further on. 
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NEW TOllK. 

BT WnjilAM WATT WEDBTBR. 

Nww York, the most populous city on the American continent, 
and one of the most populous of modem times, is as pre-emi¬ 
nently the commercial metropolis of the Now World as London 
is the oommorcial metropolis of the Old. The hisfory of this 
groat town will show that it owes its origin, its growth, and its 
prosperity to nommorcial enterprise, and to its natural and 
acquired facilities for carrying on trading operations on a 
gigantio scale. In 1609 the great English navigator, Henry 
Hudson, then in the service of the West India Company of 
Holland, explored the stream since known'as Hudson Bivor, 
and disoovored Manhattan Island, on the southern extremity of 
which the greater part of New York is built. This island, then 
covered witii rooky ridges of primitive gneiss, mixed with horn¬ 
blende, slate, and mica, and showing evidence of violent upheaval, 
was, and, for a long period previously, had been in possession of 
the confederacy of Indian tribes called the " Five Nations," con¬ 
sisting of the Mohawk, Oneida, Seneca, Onondaga, and Cayuga 
tribes. Traces of a higher form of civilisation, however, than 
that of those Indian iaibes at the date of its discovery, but not 
BO advanced oa that of the ToHbos or Aztecs of Mexico, have 
been disoovored in the island and in its vicinity. In 1612 the 
Dntoh laid the foundation of the city by establishing a station 
for the fur trade at the extremity of Manhattan Island, to whioh 
they gave the name of New Amsterdam, and*in 1614 a rude fort 
wasoreotedlor the protection of the place. Lithe following year 


a eettlement was formed at New Albany, on an island imme¬ 
diately below New York; but at this early period there existed 
no colony; not a single family had emigrated, and the only Euro¬ 
peans on ^e Hudson were the agents and servants of the Dutch 
West India Company. It was not till 1624, when Fetor Minnits, 
the oommereial agent of iiiis company, brought over a few famiUes, 
that any effort at colonisation was made. Fetor was appointed 
governor, and retained that offioe till 1633. In 1626 this worthy 
managed to purchase Manhattan Island from the Indians for 
some twenty-four dollars! The cultivation of tobacco and the 
slave system were introduced before the year 1638. Towards 
the middle of the seventeenth century the colony was frequently 
hsrassed by the English and the Indians, and in 1653 a wall 
was built across the island to resist an anticipated attack from 
the troops of Cromwell. By the year 1656 New Amsterdam, 
contained 120 houses and about 1,000 inhabitants. In 1658 
wharves wore constructed, and in 1662 the first windmill was 
erected. Four years after Charles H. ascended the English 
throne ho granted the entire territory, of which Manhattan 
Island formed a part, to his brother the Duke of York, consider¬ 
ing the occupation of the Dntoh an act of usurpation. A small 
fleet was fitted out, and in 'August, 1664, the English 'took 
possession of the city, and changed its name to Now York. For 
nine years it remained in their bands, bnt in 1673 the Dutch^- 
captured it, and re-named it New Orange. In the following year 
it was restored by treaty to the English, and kept by them till 
the oloso of the War of Independence in 1783. 

The principal events and facts in the history of New York, 
daring the period of its connection with Groat Britain, may bo 
briefly summarised. In 1686 James II. abolished the represen¬ 
tative system of local government that hod been established by 
the Dutch in 1652, and granted the city its first charter, whioh 
was confirmed by Queen Anne in 1708, and again confirmed, with 
modifioations, by George II. in 1732. A colonial congress was 
hold in Now York in 1690 ; the city was lighted in 1696; a 
slave market was established in 1711; in 1725 the first news¬ 
paper, the New York Oaxclte, appeared; and in 1732 stage 
coaches wore run to and from Boston and Philadelphia. What 
is known as the “Negro Plot” occurred in 1741-42. On the 
testimony chiefly of a servant girl, 13 negroes were burned, 20 
negroes and one Boman Catholic priest were hanged, and 78 
negroes and whites wore transported, for alleged implication in a 
conspiracy to bum the city, which was never satisfactorily proved 
to have had any existeneo. In 1750 the first theatre was opened, 
and Colonial Congresses were held in the city in 1765 and 1776. 
A committee was appointed to resist tho importation of obnoxious 
goods in 1770, bnt shortly after it was resolved to restiiot the 
resistance to tea only. Tho statue of George HI. was de¬ 
stroyed, and a marble statue of Mr. Pitt was oreoted in aoknow- 
ledgmont of the efforts ho had. mode for a repeal of the Stamp 
Act. Two years later, when Fitt, then Earl of Chatham, had 
changed his policy, his statue was mutilated by the inhabitente. 
In 1774 the vigilance committee appointed to resist the landing of 
tea, stopped a vessel freighted with this article, and sent it back 
to England: Eighteen chests of the cargo tliat had been secretly 
landed were destroyed. After a battle on Long Island in 1776, 
in which the Americans wore defeated, tho British troops entered 
the city, and kept possession of it till tho close of the war. In 
the same year a third of tho city was burned to tho ground, and 
two years later 300 houses wore destroyed by fire. At the end 
of the seventeenth century Now York oonsisted of about 750 
houses, and its population consisted of about 4,500 whites and 
750 blacks. In 1774, previous to tho commencement of the 
revolutionary wars, it contained 22,750 inhabitants, and while 
tho revolntion was in progress its popnration remained sta¬ 
tionary. The British evacuated the oifiy, and Washingtcin 
marched into it in 1783. 

Since that period New York has increased with remarkable 
rapidity. In 1789 Washington was inanguratod first president 
of the United States at the New York Federal Hall, whioh 
occupied the site where the onstom honse now stends. A year 
later the population Of the 0% numbered 33,131, and, notidtii- 
standing a severe visitation of yellow fever in 1798, whioh 
oarriod off 2,086 of the inhabitants, by 1800 its population had 
risen to 60,480. In 1808, 1805, and 1822, New York was 
afflioted with yellow fever. But at the seoond of these dates ite 
population hod farther increased to 78,770, and it may he men¬ 
tioned that the Free School Society, the germ of the eodsting 
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Board of Xidnoation, yraa inoorponted in 1805. One of the 
most intmeetiog and important events in the indnstrial Mstoiy 
of New Tork, at even of Amerion, took plage in 1807. In that 
yesx Bolx^ Fnltcm plied the first steamboat <m the Hudson, 
from a^point near tlw oitp to Albany; and in 1812 be leased the 
ferries for 4,000 dollars, and ran steamers between New York and 
Brooklyn, a suburb on ^S opposite aide of East Biver, Another 
{^reat and deatruetive fire brc^e out in the city in 1811, and the 
war between the United States and Englimd in 1812 for a time 
almost extingttishod the foreign trade of New York, Its growth 
was ohdoked, and the oensua of 1814 showed a decrease in the 
population. 1812 ie also memorable for experiments with gas 
that wore mado in the park, and in 1814 Fcdton's steam-frigate 
was lannehed. In 1823 a gas oompai^ was formed, and two 
years later gas was in general use throughout the city. The 
maritime and oommeroial importance of New York was en&r- 
monaly increased by the oempletion of the Erie Canal in 1826, 
which opened up water oommunioation with an exceedingly 
fertile region, measuring 1,000,000 square miles, traversed by 
2,500 miles of navigable water, and containing, at that time, a 
population of some 50,000, but which is now estimated at con¬ 
siderably more than 10,000,000. Now York became tho outlet for 
the produce of tho Groat West, whioh had previously boon sent to 
Baltimore by the Susquehanna Biver, or to Philadelphia by the 
Schuylkill Biver. Up to the date of the opening of the Erie Canal, 

* the exports from Now York had been drawn exclusively from the 
regions of tho Hudson Biver and Long Island Sound; since then 
a system of canals has connected tho Hudson, not merely with 
Lake Ontario and Lake Erie, but with the Ohio, the Mississippi, 
and the G nlf of Morioo. In 1858 the Erie Canal brought to tide¬ 
water 1,496,687 tons of freight, including wheat and flour equal to 
3,563,901 barrels of flour, nearly all of which came to New York. 
About the time when the Erie Canal was started tho city was 
growing at tho rate of 1,000 to 1,500 houses per annum. Iul820 
tho population amounted to 123,706, and in 1630 it was upwards 
of 218,000.. Asiatic cholera paused 4,360 deaths in the city in . 
1832-34, In 1835 a great fire destroyed 648 buildings, and in 1837 | 
trade suffered from a oommorcial crisis; but, notwithstanding all : 
these afflictions, the population by 1840 hod increased to 312,710. I 

The following decade witnessed {Ee completion, in 1842, of the 
Croton aqueduct, one of tho most extensive hydraulic under¬ 
takings of modern or ancient times. Now York had previously 
suffered from the wont of a proper supply of water, whioh was 
ospooially felt wheu, the groat and destructive fires we have 
mentioned ooonrred. The Croton water-works consist of a 
pond, enclosed by an embankment of stone and cement, 250 
feet long and 40 feet high, which covers an area of 400 aores, 
'and is capable of containing 500,000,000 gallons of water. The 
aqueduct for supplying this pond commences at a point five miles 
from the Hudson and forty miles from tho City Hall., From the 
pond the water is convoyed through solid rooks and across valleys 
and streams, in an aqueduot oonstruoiod of stone and brick, 
in the form of a double arch, 8 feet 5 inches high, and 6 feet 
3 inches wide at tho bottom. It thus reaches Harlem Biver, 
which separates the northern part of Manhattan Island from tho 
mainland, and it is tlien carried across this river by means of a 
magnificent stone bridge, 1,453 feet in length, consisting of four¬ 
teen arches, and 114 feet above tho tideway, and conveyed, first 

• to tho receiving reservoir, covering thirty-five acres, and contain¬ 
ing 15,000,000 gallons, and thence to the distributing reservoir, 
about three miles north of the Cily Hall. The minimum supply 
of pure wholesome water is eHtima.ted at 27,000,000 gallons per 
diem, and the works are said to have cost upwaids of three 
millions of potinds sterling. Throe years, however, after tho 
oempletion of tho Croton aqueduot, another fire broke out, which 
destroyed 546 buildings, and, in 1849, 5,071 persons died from 
cholera. Daring tho year a most singular riot took place. 
The friends of the American amtor Forrest, assuming that their 
favoniite was displeased at the presence a£ the English actor 
Maoready'ia the city, threatened to prevent him from appearing 
on t^^ stage according to aanonneement. A numerously-signed 
reqniritioit from the faction of playgoers that admired Meioready, 
vas presAtted to the actor, lytd ^ performed Macbeth at the 
opera house, intending that to be, the first of a series of farewell 
I^ormaneee. After the play was over a fight between the 
nvrt botions ensued outside the &eatre, whioh had to bo 
VUllad by tim militsry. Twenty-two lives wore lost, and thirty- 
SB ponems were wounded in the imeute. I^ngh assured of 
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ample protection by the anthorities, Mr.‘\Macready made no 
fnitiier attempt to perform in New York. 

The eensns taken in the year 1850 showed another extra¬ 
ordinary inoteaae, the population at that date having reached 
515,710, exdinsive of the large sabwb of Brooklyn, which, in 
the same year, oontainod 96,838 inhabitants. It was c^enlated 
that there were then in the city upwards of 80,600 persons 
employed in manufacturing and meohanii^ arts; the capital 
invested in these bronchos of industry was estimated at fully 
jB 6,000,000, and the annual produce at about X2,000,000 
sterling. The CoUins’ lino of steamers, trading between New' 
York and Liverpool, was established in 1850 ; ihe Erie rmlroad 
I to Dunkirk was opened in 1851; and tho first city railroad was 
j bnilt in 1852. In 1853 an Indnstrial Exhibition, similar to tbo 
I London Exhibition of 1851, was held in a crystal palace, 455 
feet in length, and with an extreme breadth of 445 feet. By 1855, 
19 daily and 126 weekly newspapers, and 78 other periodiimls 
' were published in New York, In 1857 there occurred a great 
' financial panic, and a series of riots arising out of a difference 
■ between the mayor and tho governor of tho city, regarding tho 
I control of the police force, in the course of whioh eleven persons 
I lost their lives. Important amondmonts were made in the 
i charter of tho city in this same year, and in 1858 they came 
' into full force, lie city was re-distributed into wards; tho 
I number of the aldermen was reduced from 22 to 17, and the 
j councilmcn from 60 to '24; the mayor and common council 
wore deprived entirely of all control over tho police, thehr 
I salaries were abolished (but have since been restored), and their 
1 powers were considerably restricted, tho issuing of Ueences for 
! tho sale of stimulants, in particular, being taken from them and 
I vested in a special committee. Becent revelations have shown, 

! in a striking form, that the local government of New York stilt 
j needs to be radically reformed. Tlio mayor and tho heads of 
departments have salarieg of 5,000 dollars per annum. 

In 1800 tho population of New York proper amounted to 
805,551, and Brooklyn contained 266,667. In 1870 tho total 
population of the city and its numerous suburbs and depen¬ 
dencies—Brooklyn, Staten Island, Jersey city, Hoboken, Mount 
Vernon, Astoria, Flushing, etc.^—^was estimate at oonsiderably 
more than 1,400,000. A few items from tho siatisticB of the 
trade and manufactures of tho city in 1861 will show the extent 
of the most important of its industries at that date. There 
were then 454 establishments for tho working of iron and 
metal, employing 11,480 persons; 253 establishments, making 
wealing apparel, employing 19,541 persona ; 6,049 persons were 
engaged in the chemical works; 4,912 in the leather manufac¬ 
tories ; 4,912 in ornamental arts ; 3,699 in making furniture ; 
3,139 in constructing steam-engines, oto. Shipbuilding has been 
carried to great perfection in New York, and since 1846 tlio con¬ 
struction of ocean steamers has been a speciality of tho place. 
In 1851, 208 vessels (including 47 steamers, 11 of which wore 
great ocean steam-ships) corrying a total of 71.214 tons, or 
nearly one-fourth of the whole tonnage built during that yeor in 
the United States, were constructed within the district of New 
York. In the same year tho aggregate tonnage belonging to 
the port was 931,193 tons, or about one-fourth of tho whole 
tonnage of tko Union. New York Bay, or im or harbour, is one 
of the largest and finest in tho world, being completely land¬ 
locked, and affording anchorage where all tbo navies in the world 
might ride in safety. Tho entrance to this harbour, called tho 
Narrows, nowhere exceeds two-third.s of a mile, and is exceed¬ 
ingly beautiful, the shore on either side being wooded to the 
water’s edge and studded with villages, farms, and villas. Bows 
of wharves and piers, the latter numbering about sixty, and 
averaging from 300 to 200 feet in length, and from 60 to 
(ff) feet in width, extend along the Hudson and Ea.>!t rivers 
almost without interruption for an aggregate distaiieo of seven 
miles. Ship.s of the largest size lie oloso to the quays, and 
proceed a greet distance up the river. A few years ago it 
was estimated that the annual value of the merchandise loaded 
and unloaded in tho port of New York araruuted to about 
500,000,000 dollars, and in tlio busy seasou the number of 
vessels in the harbour ranged from 1,000 to 1,500, exolusivo of 
about 250 steamers. These figures would not represent tho 
trade of tho port now; it has sinco greatly iiiCTcased. The 
imports oomptise oottons, woollens, linens, iron, hordwaro and 
cutlery, earthenware, brass and copper manufactures, salt, etc,, 
from Great Britain; silk, wine, brtody, eto., from France 
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and Spain; angor and coffee from the £btmuinas and the 
Btazila; tw from China, etc. In the year ending Jnne 30, 
1852, idle ezporta mre, of domestic prodnce, 38,853,757 dola.; 
foreign, dutiable, 6,338,578 dola.; apeciA, 87,273,703 dola.— 
lb total of 81,461,038 dda., or £16,292,206. The 
importa ware, of dry good^ 48,800,985 dola.; other dutiable 
goods, 35,444,896 dola.; free goods, 11,926,912 dola.; specie, 
2,628,391 dola.—total 98,801,134 dola., or £19,760,226. The 
duties collected in the port during tixe same year amounted 
to 28,678,910 dola., or £6,735,782, being considerably more 
than one-half of all the duties leTied at all the ports of the 
Union. In 1858 the yidne of the exports from New York waa 
upwards of 100,000,000 dola., being one'third of the whole 
exports of the United States for that year. The exports con¬ 
sist chiefly of wheat and flour, com, rice, cotton, bullion, beef, 
pork, butter, dried fish, furs, lard, tobacco, end petroleum. In 
1867 the totid ealue of the exports to foreign countries, exclusive 
of epecie, was 186,790,025 dole.; and in 1868 the totkl exports 
of specie to foreign parts amounted to 70,793,591 dole. In 
1867, 4,676 foreign vessels, 2,053 being British, entered the 
port, and in 1868 the total number was 4,861, including 2,032 
British vessels. Fully two-thirds of the immigrants who arrive 
in the United States land at New York. In 1854 the number 
who unshipped at this port reached the highest point it has 
yet attained, having been 319,223. The average annual number 
is about 200,000 ; in 1868, 212,989 immigrants landed at New 
York. Of Ibo domestic commerce of Now York it is difficult 
to form even an approximately accurate estimate, but some idea 
of its vastness may be gsinod from considering the necessities 
of its population, and the enormous quantities of produce 
brought thither by its canal and railway systems. 

New York ooouiues on area of abont ten miles in cirenm- 
ferenoe. The main thoroughfare, called Broadway, is one 
the largest and finest streets in the world, and the favourite 
promenade of the oitizous. It is eighty feet wide, nearly throe 
miles in length, and is almost straight. When the entire plan 
of the city is completed, this street will be abont eight miles 
long. The part at present oonstruoted contains many fine 
pnblio buildings, palatial hotels, magnificent mansions, and 
splendid shops. Wall Street, the Lombard Street of New 
York, where the offices of the principal stockbrokers and 
bankers are situated, also contains several of the best public 
edifices in the city. One of the most notable features of Now 
York is found in its monster hotels. Owing to the great distance 
between the places of business and ihe residences of most of the 
inhabitants, the custom of frequenting hotels and restaurants 
is all but universal. Largo numbers of persons, married and 
single, moreover, permanently reside in hotels, and p^ fixed 
weekly rates for &eir board and lodging. The oldest of the 
great hotels of New York is Astor House, in Broadway, erected 
in the year 1839 by John Jacob Astor, then the richest man 
in America. It is a massive granite stmoture, six stories high, 
with shops on the ground-floor. It contains some 600 rooms, 
and can aoeommodate 1,000 guests. The most expensive and 
Innrions of the New York hotels is the Fifth Avenue Hotel, an 
edifice in white marble, six stories high, which can also accom¬ 
modate 1,000 guests. There are several other htAels in the 
oi^ on an almost equally extensive scale. Among the most 
imposing public buildings deserving special notice is the 
New Bxohange, built in granite, in the Grecian style, to 
replace the old Kxebango burned in 1835. Including the 
prioe of the site, this odifloo cost 1,175,000 dollars. The City 
Hall, which occupies a commanding position in the centre of 
the paric, is 216 feet long and 105 feet wide; its front and sides 
are of wUte marble. It is entered by a flight of twelve steps,, 
and by a double stairoaae whioh le^s to a cironlar gallery, 
floored with marble; and above the whole rises a cupola, sox- 
monnted by a giguntio statue of Justioe. The Common Connoil- 
room is ray handsome. On tihe site of tbo old Fedonl Hall 
stands the Onstom House, a marble edifice on the model of the 
Parthenon at AXbaaa, approached by a fl^ht of dgbteen marble 
steps. *Ths oldest ^noational establishment in the <fity is 
Columbia College, formerly called Hug’s College, founded by 
George II., in 1754, whioh has a president and e^rht other pro¬ 
fessors, is attended by abont 150 students, bos a library (ff 
25,600 volumes, and an sstato valued at abont 500,000 dofisrs. 
Attached to tikis odUege id a preparatory gtammar-sohool, where 
about 860 eoholaHi are taug^ The University of tiie rify of 


New Ycak, founded in 1831 and opei^ in 1882, oconpies a fine 
marble building in the Hnglitii collegiate style. It has a ohsn- 
oellor and eleven professors, and its art students annually 
average about 150. The medioal department hea sevMal pro¬ 
fessors and about four times as many studanti as the arts' 
department. There is in New York, besides, a College of 
Plvsioians, witii ^ professors and a la^e number of students. 
The' city eontaius several theologiosl seminaries, prominent 
among whieh axe the Union Th^ogical Seminary, and the 
Protestant Hpiaoopal Choroh Tbsologioal Sohool. The Free 
Academy, a handsome Gothic stmoture built at a cost, iuoiusive 
of furniture, etc., of £16,000, now one of the most important 
high sohoote in the oity> was erected in aooordanoe with a vote 
of the oitizens telcen in 1846, for the purpose of extending addi¬ 
tional gratuitous instmotion to the former pupila of the oommon 
schools of the oity and county. It has eleven teachers and some 
hundreds of pupils. There are numerous important literary, 
scientific, and artiatio aooieties in Now York; and it oonteina 
many excellent and extensive oharitable institationB. Cooper’s 
Institnte, or the “Union,” founded by Mr. Peter Cooper, at a cost 
of £62,500, oompriaea a free reading-room, picture gallery, art 
aohools, eto. The Astor Free library, founded by the American 
millionnairo of that name, ooutaina upwards of 109,000 volumes: 
and New York can boast of several other large and valuable 
ooUeotions of books. In 1860, a woman’s library, the first in 
America, was opened in New York'. There are considerably more 
tkian 250 places of worship in New York, and many of them axe 
oostly and magnificent stmoturea. Trinity Church, though only 
affording accommodation for 900 worshippers, and built in brown 
sandstone, cost £30,000. The Boman Catholics, the Presby¬ 
terians, the Congrogationalista, the French Frotosmnts, and the 
Butch Beformera, iil possess fine churches in the city. The 
Jews have twelve synagoguee. New York is not particularly well 
provided with places of amusement, but it maintains several 
theatres, whioh are much frequented. 4ihere are eleven markets 
in the city. The streets are traversed by upwards of twenty lines 
of tramways, and splendid fast steamers mu aoross the ferries to 
the various suburbs every few minutes during the day. Origi¬ 
nally, New York waa bnilt of wood, and the streets wore very 
narrow, but most of the old houses have been pulled down or 
burned, and replaced with houses of brick. The sanitary con¬ 
dition, and the paving and lighting of the city have been greatly 
improved, bat it is not, even now, as a whole, on a level with 
most other large towns in these respects. The new streets are 
broad and regular, wtil paved and lighted, but in the more 
ancient and poorer quarters there is room for very great reform. 
In New York the practice of selling goods by auction, and 
especially goods imported from abroad, long been in vogue, 
and is still a iweuliarity of the diy. Anotioneers there arc ap¬ 
pointed by the Senate, on the nomination of the Governor. 
Nowhere in America has banking been more abased, or baa 
greater evils flowed from its abuse, tban at New York. In 1863 
there were no fewer than 309 banks in the city, organised on the 
eecurity principle—the banks -being obliged to deposit seourity 
proportionate to the amount of the notes they were empowered 
to iasne. The publishing trade is very extmsive. From tiie 
numerons presses of New York upwards of 250 periodical pnbli- 
oations are issued, ineluding, as it has been said, 19 doily, 126 
weekly newspapers, and twelve quarterlies. There are thirteen 
German, two French, one Spanish, and two Welsh newspapers 
publish^ in tbe city. 


SANITARY ENGINEERING.—XV. 

BBAINAOS AND WATBB-BUFFLT. 

In approaohing this branoh of our series ws couple these two 
Bubjeotsfor this reason, tlut the scope of our present spaoe does 
not include water-supply in its most extensive and hnportant 
engineering sspeots; while at the same tima thronghont the 
country, with very few exoeptions, the great proportion of the 
drainage—under whioh genwal h«^ we intend to in^nda all 
domestic appUonoes-ris dependent for its effioienay upon a good 
supp^ of water. The oourse we therefore propose to take is 
in this paper to give a short stunmaiised desoription of the 
ordinary methods available for obtaining an effioient aapply of 
water for villages and small oonntty towns; and in the n^ a 
iQmiiar (dcstoh ul the oxdiiuffy ahroumstaneei of what we may 
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oall metropolitaa mter-sapply, M kt preseatin operation in large 
towne, enoh aa London, Liverpool, and eleewhwe. And we may 
make the remark that one moat important aanitary point to be 
kept in view ii, that the water-aupply e h a ll be absolntely and 
entirely free from any oonneotion with the drainage. A earfaoe 
well tk email depth, for example, in liie neighbonrhood of diaine 
in an imperfect atote ia a moat fertile eonree of dieeaso, espe¬ 
cially in what are called “'cholera timee,’’ end the greateet pro- 
cantiona ahonld always bo taken to prevent any communication 
between the one and the other. There ore other eourcea of 
danger to the public health, to which we ehall only eo far allude 
aa to quote a single inatance of the dieaatrous effects of impure 
water. Boring the last epidemic of cholera in this country, in 
one pertionlar village 400 deaths took p ace within a very 
short period; and such a terrible disaster ImI to a scioutiflo in¬ 
quiry. It was found that the principal water-supply of the 
village was obtained from a well which was much in favour, be¬ 
cause its water was bright and sparkling in its appearance. 
Chemical analysis, however, showed it to bo highly charged with 
decomposed animal matter, and a oareful examination showed 
that the only sonroe from which this could possibly arise was 
that there was an underground drainage below the surfaco into 
the well from a neighbouring ohnrobyurd. This is, no doubt, an 
extremo oaso; but we quote it to show the groat importance, in 
a sanitary point of view, of m puro supply of water. Into this 
particular branch of the subject, however, we do not go at 
greater length, and proceed at once to the consideration of the 
quantity of water required per head per day for all nooessaiy 
domestic and sanitwy purposes. We may remark that the 
quantity actually ounsumod varies very much in diiForont locali¬ 
ties. In healthy agricultural districts less water is really re¬ 
quired than in confined and smoky towns. Authenticated 
returns show that the consumption at the town of Lynn, in 
Norfolk, is SO gallons per day; while at Stroud, in Clouoester- 
shire, 10 gallons only are us^. This last figure may bo taken 
practically as the minimum required; and we may mention that 
one of the first hydraulic engineers of the day recently made some 
observations by measurement of the quantity of water actually 
used day by day in his own house, which was fitted up with 
every oonvenionoo for comfort, and had more than one bath in 
pretty eoustant use. It was not a largo mansion, but a gentlo- 
man’a residence of moderate dimensions; and he found that the 
average quantity was 11 gallons per head per day. We may, 
therefore, take it that 10 gallons is a porfootly ample and suffi¬ 
cient provision, if properly available, for a general population. 
When we come subsequently to deal with tho question of metro¬ 
politan water-supply, we shall find other distrirbing influences 
at work, and shall have much larger figpires to deal with. Our 
only objeet at tho moment is to give some reliable data as to tho 
quantity of water required for daily oonsomption, in proportion 
to the popnlation of any partionlor village or district; ilioagh, 
of oourse, there ia this advantage in a superabundant supply, 
that flushing and othoi- operations in oonneotion with a eyStem 
of drainage can be more frequently and efficiently carried out. 

We now tnm to the various resonroes at command for village 
nee, and how they are best available. A well, a stream, and the 
careful storage of rain-water are what wo may call primary 
Bonraes of supply, and neither of them is by any means neoos- 
aarily insnffloient. There arc cases of ooontry residences where 
the roof-area is tolerably large, and the constructional details woll 
considered, where the rainf^l alone, conducted by gutters and 
pipes to weU-cemented oistems underground, enffices for the 
entire supply of the honso in all seasons from year to year; but 
those oases are exceptional, and we now take np the other sonroes 
from whioh a permanent supply con be ensured and laid on 
ihronghont a viUago. These may be divided into three:—First, a 
supply in the neighbourhood above the level of the village, cither 
a aimam or the rainfall from neighbouring hills. This supply is 
generally ample, but intermittent in the winter months, &ongh 
there may be plenty of water for use all the year round; but this 
may not be avulahlo in the summer. What is reqnlsite is mani¬ 
festly areservoir or means ^ staring the water; and to ascertain 
what the eiae of that reservoir shonld be, we refer to the figures 
we have laetqnoted os to necessary consumption, and assnme for 
exMnple that ainpply is required for a village of 400 inhahitants. 
At 10 gallons per diem this gives a total annnal oonsomption of 
1,480,000 gallona, one-half of which ahonld be stored for tue in 
the dry months, allowing 50 per cent, for waste, evaporation, etc. 


Assuming a depth of 10 feet, tiie sise of the reservoir should he 
about ^ of on acre, and the ooit of its constmotion may bo 
ronghly stated at .£400. The snpply bring thus seonred at a 
level enffioiently high to reach witiiont difflcnlty the roofs of tlio 
houses, the laying on the water becomes a mere question of 
cisterns and plambors* work, into the details of whioh we pro¬ 
pose to enter upon a subsequent occasion. Financial questions 
—i.e., where the money ie to come from—are beyond our limits; 
bnt the question of rates, advances, outlay, and return or profit 
are obvionely mere matters of calculation, after the first provi¬ 
sion has been properly made. 

In many oases, however, a reservoir at a level suflloiently high 
is not attainable, as the village itself may bo ritoated upon the 
highest land in the district, and must therefore be dependent for 
its supply from bolow; and this brings us to the second branch 
of our subject, a supply in the neighbourhood a little below tho 
general level— e.g., a running stream. There, m.tchinery to raise 
the water to the requisite height must be brought into play, and 
for this class of snpply three diCcrout systoms may bo adopted— 
the hydraulic ram, the turbine, and tho undershot wheel. The 
action of the hydraulic ram avails-itself of tho fall of a large 
body of wator for a short distance, to throw a smaller quantity 
to a oonsidorable height; and tho profitable limit at which it 
can bo employed, is when the height to which the water is to be 
lifted does not exceed twelve times the fall available. The fall 
to the ram ahonld never exceed 20 feet, as then the strain upon 
the valves becomes too great. Wo cannot afford tho space to 
explain at length in this paper tho principles of the turbine and 
tho nndoTshot wheel, bnt only quote from a reliable authority 
some figures showing tho comparative cost of tho difibrent eys- 
loms, upon a parallel scale with tho figures already quoted. 

An hydraulic ram with a fall of 8 feet, and capable of raising 
daily to a height of 40 feet, and a distance of half a mile, 4,000 
gallons of the same water by which it is moved, with a supply- 
pipe to the village half a mile long, but exclusive of connections 
with dwellings, oto., will cost about £360. 

A turbine working with a fall of 20 feet, capable of raising 
10,000 gallons daily to a height of 100 feri, with pumps and 
rising main for forcing tho water to a distance of half a mile, but 
exclusive of oonneotion with dwellings, will cost about £650. 

A water-wheel capable of doing the same work as tho turbine, 
hut working with a fall of only 3 foot instead of 20, with pnmps 
and rising main but no connections, may be taken at £750. 

Tho peculiar circumstances and situation of the locality mnst 
determine which of these various methods of supply it is most* 
advisable to adopt, when the source of tho supply is a short dis¬ 
tance below tho general level of the viljago or town requiring it. 

Wo now come to a tliird branch of the subject, and that is, 
when none of those resources are available, and tho only cunrso 
is to obtain what we may term a subterranean snpply from a 
deep well. Tho facility of obtaining water by this means extends 
very widely over the ronntry. On the greensand formations, 
tho now and old rod sandstone, and the lower outcrops of tho 
chalk, there is a source which is practically inexhaustible; and 
tho woll being simk, wo have at our command various means of 
raising it to the surface—viz., wind, horses, and steam-power. 
Of these the wind is the cheapest, but as it is not always avail¬ 
able, it is desirable to have the machinery eo arranged that when 
there ia no wind it can bo driven by horse-power. 

The number of days on which tho horses would be required to 
work would vary, of coarse, with the locality, but perhaps 100 
days throughout tho year may be taken as a minimum; this 
result may again bo modified by the construction of an inter¬ 
mediate reservoir large enough to meet tho requirements of the 
various intervals. Where the depth, however, is not groat, and 
the quantity of water required small, the old-fashioned revolving 
chain of buckets may still be nsed with advantage, os it can be 
readily repaired when required, and kept in order by any vi^ge 
blaoksmitii. For deep wdls, however, force-pumps are required, 
with their attendant engineering appliances; and in many in¬ 
stances, especially in the coal distriots, tho introdttcti'ii. 4 pf steam 
will he found more eeonomioal than horse-power. Hero again 
our limits admit of no figures in detail—steam-pumps and steam- 
engines, as applicable to water-supply, bring literally legion in 
number, variety, and expense. 

Having thus briefly indicated the vations sonroea of supply for 
what we may oaQ connfry districts, we may remark that in the 
ejection of a hones or mansion of any extent at a distanoe from. 
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any already exietiiig eonrce of supply, our previona remarks are 
appUoable, and a sufficient aupply of nntar should always be one 
of the points to which attention ought to be oarefnlly directed. 
We heard lately of an extreme case whore the question was thus 
reued lato in the day. The proprietor called in a ccmaalting 
engineer, who immediately reported that one cistern of SOO 
gallons contunts was all t^t h^ been provided for the supply 
of a mansion where the daily oonsnmption would bo at least 
3,000 gallons. Let ns trust that slmiW cases are of rare oc- 
oUTonce. 

Beverting to what wo may call the generol question, wo may 
say that at the present moment the most important element in 
the drainage question, from a sanitary point of view—taking 
the kingdom gonerally, and what we may call the general prac¬ 
tical position of these matters at the moment—is an ample supply 
of water. Other systems are in operation to a limited extent. 
We shall haVo occasion in the course of the onrront series to 
notice Moule’s earth-olosot, in which a totally different process 
is adopted, and the sanitary result to be obtained is arrived at— 
and sucoossfully, as we believe, to a certain extent—by altogether 
different means. Other methods for the disposal of sewage are 
also in process of consideration by different public bodies; but 
taking the broadest view of the question, and the means at pro- 
^t at our command for evolving the best sanitary results from 
we appliances at our command, we may lay down the general 
principle, that the more ample the supply of water in any par- 
tksular locality, the better conducted will bo the drainage gene¬ 
rally ; as with regard to the removal of all objectionable mate¬ 
rial, the first and simplest process at our command is to wash 
it away. We thoroforo prefooo our papers upon the subject 
with tliis brief summary of the best available methods for village 
water-supply; and hod we the requisite space at command, we 
might perhaps astonish onr readers by showing in how many 
districts the facilities for water-supply above described are not 
available. In our next paper wo propose to deal with the ques¬ 
tion of metropolitan water-supply considered from the same point 
i>t view, in relation to drainage; and then wo shall venture aix>u 
tho subject proper, os wo may call it, and endeavour as best we 
may to give a technical description of the various moohanical 
npplioaoes available “ with an ample supply of water,” the first 
regnisite to maintain a porfeotly b^thfnl and satisfoctoiy (^stem 
of drainage. _ 


BUILDERS’ QUANTITIES AND MEASURE¬ 
MENTS.—VI. 

BY K. WYNDHAM TAHJt, M.A. 

UASONST. 

Stoke is used for the building of walls in a groat variety of 
forms. Tho commonest kind of building is the rubble-wall, 
whiob consists of small rough stones placed together either dry 
or bedded in mortar; bond etonos being introduced for tho 
puriiose of tying tho two faces of tho wall together. Bubble 
walling is measured either by the cubic yard, entering length, 
height, and thickness, in tho dimension book under each other 
and cubing; or else Ihe euperfidal area is taken, deducting 
openings, the thickness stated, and tho quality of tho work 
dmoribed os dry-walling, random-walling in mortar, conrsod- 
walling, hammer-droBsed on tho face, etc. Tho bond stonoa are 
measured separately us cube stone, but their size is not deducted 
ill measuring the wall. Where flints are used for walling, tho 
dimeneions are taken in the some way as for rubble walls, 
desoribing whotbor tho flints ore used rough, split, or worked. 

Where the rubble wall has a thin ashlar facing of suporibr 
■tone, tho wall is measured as befewe described, and the ashlar 
token separately by the supoTiloial foot. R the ashlar is above 
6 inohes thick it must be cubed, and tho labour on bed and face 
moasnted separately by tho superficial foot j the same plan is 
to be adopted if the wall is built of solid ashlar, or hewn atone 
throaghou^^. 

In measuring howB atOne, toko the oubioal dimensions of each 
tkfsM eeporatoly, as those of the smallest rectangular block 
iri^ioh it could be got out of. Then measure separately the 
labonr upon each face by the foot enperflcial as plain beds end 
plain tooled or rubbed work, sunk work, oironlar work, 
EWnk oirenlgr work, moulded work, oircular moulded work $ 
gurtiiug the mooldinga in the two last items. 



lu measuring the labour in getting out the Toussoirs of on 
arch, take one bod as superficial of pMn bed, and the other bed 
aa Bunk work. Tho soffit ia takm as snperfloial at oironlar 
work if left plain, and if moulded the moulding la girt and 
taken as auperfloiol of oircular moulded or sunk work; but if tho 
moulding girts are less than 6 inches, take it as mn of (droular 
moulding in addition to the plain circular of the soffit. 

Whon large stones are required which measure over 6 feet ia 
length, they are taken separately and described aa scantling 
lengths. 

If stones have to be sawn in two, measure the sawn Burfoco 
of each, and doscribo os superficial of half-sawing. 

Spandril steps for staircases are usually got out by sawing a 
block such as A B f £ (Fig. S) in two, upon the diagonal Uno 
J> C, so aa to get two similar steps out of ono block of stone. 
Iii measuring take tho net cubical contents of each step, allow¬ 
ing 4 inch all round for work¬ 
ing ; that is, the oxtremo length 
A B by half the height A U. 

Hoasuto the soffit as half- 
sawing, then the tread, riser, and 
soffit as superficial plain work 
rubbed, take tho girt of tho 
rebate at B by its length as su¬ 
perficial sunk work. If the step 
has a moulded nosing, thon the 
riser must bo taken as super¬ 
ficial sunk work, its width from 
the nosing to the rebato by tho 

length of tho step, and the girt of tho moulding, by tho longl.h 
measuring round tho return end, is talcen as superficial of 
moulded work. Tho outer end of a opondril stop is moasurod 
as Bupotfioiol plain work, unless there is moulding, when it is 
taken as sunk work, and tho moulding as abovo doserlbod. 
Number all mitres to moulded nosings, ends out and pinned 
into walls, holes cut for balusters, eto. If there are winders to 
the spandril stops, they are measured in a similar mannor, but 
with a greater allowance for wosto, and tho soffit is taken os 
superficial of oircular sunk work. 

Landings that are loss than G inohes thick ore moasnred by 
the superficial foot, and the thickness stated ; if 6 inches and 
upwards, they ore cubed, but kept separate from the other cubed 
work, and dosoribed aa ” cube landing.” Tho labour on tho top 
and bottom and outer edge is taken by tho foot superficial as 
plain work rubbed or tooled, and any monldingr. oro girt by the 
length and entered as snperfioial of moulded work. Where tho 
landings are formed of more than ono length of stono, tho joints 
oro joggled, thus (Fig. 4): the joggle audits groove ore to bo girt 
and taken by the length of tho joint 
aa Euperfioial of joggled joint. If one 
edge of the landing is out and pinned 
into tho wall, take its length os mn 
of cutting and pinning; but if built 
in os tho work proceeds, this is stated 
in describing tho landing itself, and is not measured separately. 
Joggled joints to landings nndor 6 inches thick con bo taken 
as running measure, desoribing the thiokness of the landing in 
which they ooonr. If there is a throating to the landing, - 
its length as mn of throating. 

In measuring window sills, take the length by the width by 
the thickness, with an allowance for waste, as oube atpne If not 
less than 6 inohes thick; take the whole of the top as snper- 
fioial of plain bed, measure tho top, front, projeotion, and ends 
as superficial of plain work, and tho sloping or wcatitered 
portion of the top aa superficial of sunk work. For thin sills 
take tho length only aa mnning measure, desoribing the dimen¬ 
sions and work upon them; number Hie returned fair ends and 
all stoppings. Iffirooting to sills is t^n by the foot mn. If 
the sill has a moulded frmt, its length is taken by its gkt and 
desoribed aa auperfioial monlded work. 

String oonrsea ore measured in the same wsy aa silla, taking 
one pla^ bed and the projecting part ae plain work, surk: work 
monlded work, aa the ease may be; number all mitres and 
stopped ends. 

Comiooa being generally formed of stones whiob bed upon the 
wall at least as muob aa project therefrom, tha esaet width 
of atone must be asoertained and measured as onto stmai, with 
proper aUowance for the waste ib woridng. J£ the stone has to 
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1)0 Bawn, measure the faco and book as enporfioiol half-sawing. 
Measure the top and bottom beds where the stone rests in the 
wall, and also the ends of eaoh stone, as superfioial plain bed. 
if the top is weathered, take as superficial of sank work the 
length by the .width of the weathering. Qirt the moulding, and 
take it by the length as superficial of moulded work. If ^cro 
ore groores out in the joints for running with lead, tako their 
lon(^ aa run of groove, the quantity of lead being taken by 
weight. Plugs and cramps are to bo numbered; also number 
all mortise boles, notobes, mitres, etc. Dentils, consoles, or 
other ornamental features in a comice, must be numbered and 
described with a sketch showing the design, .and their size 
given. If there is a blocking oonrso above the cornice, measure. 
its onbiosl contents as before described, take the superficial of 
the beds and joints as plain bed, the superficial of plain work to 
front and top, and half-sawing to the Imck; and any muuldud 
work as before described. jNnmbor all plugs, cramps, etc., and 
take the run of grooves, and weight of lead used in running 
thereto. 

In measaring stone oolumns, tako the shaft separately from the 
cap and base, measuring the cqbo of each stone required in form¬ 
ing the shaft with allowanoo for waste in working ; if there is 
a fillet and hollow included in the top and bottom stones of the ' 
shaft, the dimensions of those stones must bo taken outside the 
fillet. If the shaft is got out of a single block, it must be so 
stated and the length described. Measure all the plain bods to 
the jointings of the shaft, and tako plain work on two sides of 
the block; measure the oircumforenno or girt by the length as 
superficial of circular plain work, unless the shaft bos a curved 
outline or entasis, when it must bo taken as circular sunk or 
circular moulded work. Girt the mouldings to the fillet and 
hollow at top and bottom by the oircumforcuco as superficial of 
circular moulded work. Number all dowels, mortise holes, etc. 
In measuring the capital and base, toko the cubical contents 
with allowance for waste, measnre the superfioial of plain bed 
on the top, sides, and bottom of the stones, girt all tlio mould-, 
ing by the circumference, and enter as circular moulded 
work. 

Where the capital is carved, a sketch or description must be 
^von, and tho carving taken at each. Flutings to columns 
are taken by the foot run, and the etoppod or rounded ende 
numbered. 

Thin coping stone is generally taken by tho foot run, and 
described as weathered and throated one or both way.s, tooled, 
rubbed or quarry-worked, tho width and thickness being stated. 
If the coping is more than 3 inohee thick, take tho cube of the 
stone and the superficial of tho labour on tho top, front, and 
projootion, whether saddle-backed, weathered or otherwise, and 
tako tho run of tho throating. Measure tho plain work to one 
Joint of each stone. 

Monldod arebitravra are m«wured by talcing the onbe of the 
stone required for getting out, and the superficial of the 
moulded and plain work; numbering tho mitres, dowels, plugs, 
stopped ends, etc.; and measaring one plain bod to each ^ono. 

The quoin atones of building ore oubed, and the superficial of 
plain work on the face taken ; also the snperficial of chamfered 
or moulded work, rustication, sinking, etc.; ono plain bod 
of eaoh stone being measured, and i^o tho joints next the 
walling. 

Flagged paving from 2 to 3 inches thick is taken by tho 
superficial yard, and described as quarry worked, tooled, or 
rubbed. If edges have to bo cut to paving, tako the catting by 
the foot mn. 

Paving with seta, as Elland-edge or granite, is measured by 
the superfioial yard, tho oonorete bottom for tho same being 
token sepsxately. Curbe are taken by the foot run, describin'^ 
the quality, dhnonaiona, and labour. 

Sinks are measured by the foot aupcrfioial, their thickness 
stated, rebated holes and rounded oornors nnmbc.-od. Templates 
built into waUs, stone core for cement oomicea, slabs, and 
hssrihs, are all measured by the foot snperficial, including the 
labour employed upon them, the thiokness being described. 

The labour to the traeery of Gk>thia windows is measured os 
superficial dronlar monld^ work, taking the outline of tho 
traoery Iqr the girt, numbering all mitres and onspings. Bun 
tile length of the groove for glass, and number ike holes for 
•addle ban. The mnllions are taken is the manner daaoribed 
lot menauring colrnsns. 


Marbles need in slabs are taken by the foot superficial, in- 
eluding polishing. Cramps for fixing marble are numbered. 
Marble or granite oolumns are measured by tho foot run, describ¬ 
ing the diameter, and if diminished or onrved. Marble ohimnoy- 
pieooB are generally numbered and daaoribed, but plain mantel 
and jambs are taken by the foot superficial. 


FORTIFICATION.—VIII. 

BY AN OyVlC'EB OF TUE ilOVAL ENOINBEBS. 

DETAILS OF FIELD WOBKS. 

In the conatruotion of works a knowledge of numbers of details 
is essential. Some of these, t.uing mere matters of building and 
ordinary construction, will nut Ocalt with here; but there arc 
others which, either from tlioir eosiucelion with the artillery 
armament, or from their being nnivei-aally enipleycd by militiiiy 
engineers in tho field, are necessary for any student of the art 
of fortification. Tho object of all fortification being to enable 
the defenders to use their weapons with tho greatest possible 
facility ond e&oct, tho details of tho works must be carefully 
designed to suit tho armament for which they are intended; and 
it follows that whenever a now invention or improvement is 
introduced in either tire guns, cawiages, or projectiles, there must 
almost necessarily bo some modification of the details of the 
work to adapt it to tho new conditions. For this reason, details 
which to-day are necessary may in a short time become obsolete. 
Some of tho details of field-works, however, are not liable to 
much change, from tho fact that generally only certain materials 
ore available in sufiicient quantities in the field; and the 
methods of employing these are almost identical in-most of 
the armies of Europe. 

Revelmcnis in Permcment and Field irorks.—In order to 
oconumiao interior space, and to allow of the free working of the 
guns, the interior slopes, the sides and ends of traverses, and 
tho walla or sides of field powder-magazines are usually reveted. 
In permanent works the escarp and cunntersc'arp of the ditch 
are generally massive waHs of cousidorable height; and tho 
question of revetments booomes ono of the must difiBcult and 
expensive portions of the sohomo. In field-works tho slopes are 
seldom of any great height, and con bo retained at a sufficiently 
stoop inelinatiuii by any of tho following materials—'viz., 
fascines, gabions, hurdles, sods, eandlmgs, casks, planks. 

Fascines .—A fascine (Fig. 53) is a noatly-mado fagot of large 
brushwood, about 9 inohos in diameter and 18 feet long, though 
it may be sawn oiT at a shorter length if required. In making 
a fascine, first lay out on the ground a rectangular space, 1C feet 
long by 4 feet broad, and at each ond of it construct a low tresscl 
by driving two stakes about (i feet long obliquely in'to tho ground 
so us to cross at about 2 feet fi inches from it, tho upper projeo- 
tions of the oross being about 2 foci long. These are tiien 
firmly lashed at 'the points where they cross, and a lino is strained 
from ono traasel to tho other. Three other similar tressels are 
made between them, at 4 feet intervals, and lashed at tho level 
of the line. Tho brushwood is then laid on tho cradle so formed, 
all bTancjies that will not lie evenly being removed; care must 
bo taken that, tho brushwood is so laid on ns io form a fagot 
equally tliiok throughout its length. The brushwood befero 
being tied is compressed "to tl)o re<inired size by means of an 
implement called a fasoino-ehokor (IMg. 55), consisting of a pair 
of wooden levers 4 foot long, oonnootod by a ebnin about tho 
same length, on which two small rings ate fixed 28 inches apart. 
Tho chain is placed round tho fascine, and the lovers arc 
pressed down by two men until tho rings ore opposite to one 
another. Before tho choker is removed, tho fasi'ino is bound or 
■tied with wire, rope, yam, or a twisted brushwood withe. Two 
men are employed binding, and commence about 9 inches from 
tho ond close to the choker. The fascine is bound in twelve 
places, at intervals of 18 inches, and tlio ends of tho brush¬ 
wood are sawn off so as to make it 18 foot in length. The 
size of tho brashwood, and also the time of year at which 
it is cut, will affect the weight of the fascines, mit on an 
average it is about 140 lb. 'Hiey employ five men each, who 
should finish one fascine in an hour. Fascines are employed 
in various ways in tho constmotion of works, and are a 
means of utilising brashwood for revoting purposes which would 
be too brittle for gabion or hurdle-making. A fascine revet- 
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nwst will irtMid at a slope of and is boilt as follows:—^First 
dig a nanow trench, abont 3 inches deep, along the foot of the 
intended slope, and in it place a fasobe, which should be firmly 
picketed to the gronnd. The other fascines are ihen placed one 
abore another, each row being picketed to the ea^ in the 
parapet and to the one beneath it, the earth backing being filled 
in and rammed as the revetment proceeds. In light sandy soil, 
or where the revetment is either required to stand for some 
tiitte or is liable to be disturbed by the effect of the enemy's fire, 
a fascine, log of wood, or stpnt pickets should be buried in the 
heart of the earthwork, and attached by wire or lashing to one 
or more rows of fascines, so that they cannot slip forward 
without dragging this anchor with them. Fascine revetments 
last fairly well, but are somewhat tedious to make, as the 
parapet has to be formed simnltaneously with the revetment; 
in addition to which it has the defect that if a fascine is dis¬ 
placed by the bursting of tbo enemy’s shells in the parapet, not 
only is that partionlar one brought out of position, but probably 
all the other rows resting upon it arc brought down also. 

Other Uses of Fascines hesitles Jieretments .—Fascines are 
generally used with gabions in forming a revetment, and arc of 
groat nse in the formation of the roofs of blindages or other 
covered parts of fiold-works which have to resist the effects of 
shells faJUing on thorn. In road-making over marshy ground, 
and in the difficult and dangerous operation of crossing the wet 
ditch in the attack of a fortress, they form an important item in 
the materials required by the engineers. 

Qahions .—Gabions are oyUndrioal baskets, with open ends, 2 
feet in diameter and 3 feet high. They may be constrnotod 
ot brushwood, sheet iron, or hoop iron. The oidinary brushwood 
gabion (Fig. S6) is thus formed—viz., throe men are employed, 
one of whom prepares the brushwood; another holds the upright 
pickets, and takes oaro that the gabion as it proceeds is sym- 
motrioail and of the right size ; while the third weaves the brush¬ 
wood. A circle 11 inches in radius is traced on the ground, and 
ten or twelve pickets, abont 3 feet 6 inches long, are driven in 
round the cironmference at equal distances from one another. 
The number of pickets used most depend on the size of the 
bmahwood, which if large will not bear being frequently bent. 
In the Frnssian servioe the brushwood gabions are woven on 
the same principlo as our iron band gabionsf and have only sovon 
pickets. Three long rods, stripped of small twigs and leaves, are 
then placed with their butt-ends resting each against a picket, 
and Iho weaving begrins. Each rod is in turn taken outside the 
two iiiokets next it and inside the one beyond. This is continued 
until the gabion web or waling is feet high, care being taken 
to press the rods down on one another as the work proceeds. 
When a rod breaks or is too thin for further nse, a fresh rod is 
inserted, its butt resting against the inside of the last picket 
tonohed by the one it replaces, and the two arc then worked as 
a mngle r^ The ends of the gabion are now finished by two 
pairing rods, which after being well twisted, so as to prevent 
tbeir brooking, are inserted one on either side of a picket, and 
are then woven alternately inside and outside the pickets, and 
over and under one another. Their ends are finally insert^ on 
either side of the pieket nest beyond the point at which they 
began. The gabion may now be token out of the e^nnd, and 
after being similarly finished with pairing rods at other end, 
the pickets are out off at a height of about 1^ inches above the 
web, making the dimensions of the finished gabion 2 feet 9 inches 
in the web, and 3 feet from end to end of the pickets. 

To prevent the web from slipping off the pickets when moving 
tha gabions abont, it is sown as it is called, i.e., brushwood 
withea or kahings of some sort are passed over the pairing 
rods in three places at each end of tbo gabion, and with each of 
theaa lathings throe stitchos are made as shown in Fig. 57, so 
ns to bind the whole of the web together. A bmshwood gabion 
weigha from 35 to 60 pounds, and takes three men about two 
hoars to make. The hoop-iron gabion was first used at the siege 
of Sebastopol, owing to the diffioiedty of obtaining sufficient brush¬ 
wood. It need not be desoribed, as it has been much improved 
upon by Qnarteraaster Jones, B.E., who invented the iron band 
gabion (Kg. 58). This oonstste of ten bands of galvanised iron, 
each 6 feet 5 inohes long, and 3 inebos in width, having two 
bnttotti at one end and two slots at the other. The ends of 
tha first band are buttoned together, and it is placed on its 
edge ha a oirole. Twelve piolrate are then driven round the 
eitele, alteniately outside and inside it. The other bands are 


in sncceasion bnttoned round the pioketa at the top, and pressed 
down on the bottom one. Two men can make one of these 
in five minutes, as they require no sewing. 

They have the advantage of durability and lightness ; more¬ 
over, OB these bands can be so readily put together, they may 
be oarzied in bundles to the required spot, and made up there. 
Their defect is that they ore liable to oanse mai^ wounds by 
their splinters if struck by a shot. Gabion revetments are 
built as shown in Fig. 59, and are generally used in the oon- 
Btmotion of siege-batteries and peralleU, in preference to other 
materials, on account of the rapidity with which the revetment 
is built and cover obtained; moreover, when struck by shot the 
damage prodnoed does not extend so far as in a fascine revet¬ 
ment, for instance. In building it, a fascine is first laid longi- 
tudinirily along the foot of tiie intended slope; the gabions axe 
then placed in a row touching one another, with their inner 
pickets over the centre of the fascine. This gives the requisite 
slope, f. The pickets ore driven into the fasoine, and the 
gabions are now filled with earth. A little care is necessary 
in first filling the gabions to prevent their being knocked over 
by the oartli thrown at them when nearly empty; but practi¬ 
cally very few men are required for this, and it is a groat 
advantage to be able to get rid of the builders of the revetment 
when actually throwing up tho earth, especially when the work 
is being carried on at night, and tho earth is being obtained 
from tho interior of tho work, in which case it has to be thrown 
over or past tbo men who are building. When tbo parapet 
roaches the level of tho first row of gabions, a fasoine is firmly 
picketed on the top of them; and should a full parapet of 7 feet 
6 inches or 8 feet bo required, a second row of gabions is placed 
and filled. Gabions are sometimos used in road-making, to assist 
in forming drains; and in camps they may be usefully employed 
08 a means of forming rough filters at places from which 
buckets con bo filled without disturbing the m\id in a siroam. 
When so employed they should be sunk in the gronnd, and 
packed round with a foot or two of coarse sand, gravel, or 
bmshwood. 

Sandbags are very useful for revetments, boeauso when empty 
they ore very portable, and can be carried up in large numbers 
and filled at '^e required spot; they moreover require little or 
no skill to build, and enable batteries and parapets to bo 
rercted and finished in places whore no brushwood is to be had. 
The bags used in the English service are 2 feet 8 inches long, by 
1 foot 4 inches broad when empty, and contain rather less than a 
cubio foot of earth. They are built in courses, as in brickwork, at 
a slope of {. Each row of bags is laid altcmatoly as headers or 
stretchers, ve., if one row is laid lengthwise along the parapet, 
the next row above is laid with their length at right angles to 
tho slope. Two men can build about thirty-fivo per hour, if the 
bags ore filled and brought to them. Sandbags are of great use 
in tbo latter part of sieges, and also in the faasiy defence of 
houses, etc., because two sandbags placed together are bullet¬ 
proof; and in tho above-named oases protection from rifie-fire is 
what is principally wanted. 

Sod revetments form a neat-looking slope, uid stand at {; they 
are, however, tedious to build, and are not a very reliable means 
of retaining earth. They are laid in oonrses, like sandbags, 
each oonrso being pegged to the one below it. Th^ are usually 
out 18 inches long, 9 inches wide, and 4 inches thick; but when 
built in revetment they occupy much less room, their number 
being generally estimated at five per square foot of revetment. 

Wbon hurdles or planks are used, they are kept in position 
by stout pickets, which should be anchor^ to something buried 
in the heart of the parapet, to enable them to withstand tho 
pressure of the earth. 

> Traverses arc mounds of earth thrown up inside a work, with 
tho object of affording more protection to the defenders than 
would be given by the parapets alone. When they are intended 
to cheek enfilade fire, they should be almost as thick as the para¬ 
pets themselves, and are usually reveted on the side which is 
not exposed to fire. In permanent works, and sometimes in field¬ 
works also, expense magazines, shell-rooms, or some other bomb¬ 
proof aooommodation is provided nn^er them; great care being 
taken to form tho roof of railway iron, covered with faaoinea 
and earth, or wi& other material that will give tiie nwwaaary 
security. 

To protect the men working the guns in a work from the do- 
stmotive effect of the shells bursting near them, it ia neocBaary 
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to oonetrnot q>Iint«r'PToo{ tniTeneB. Them am Konetally 
reretod -with gabions, and are aboat 16 feet long, and 4 feet 
tbiok at top. Tb^ are sometimea detached from the parapet, 
80 as to allow the men to pass dose to the parapet between the 
gon portions. One of these traverses used formerly to be placed 
between each pair of gans or mortars; bat where economy of 
htterior space is not required, this nambcr may be advantego- 
onsly increased. 

In the approved type of soreen>battery for sieges, a broad 
solid traverse, containing a recess or passage for filled shells, is 
placed between every gtin or mortar; and in the Confederate 
batteries employed for the defence of Charleston Jlarbonr each 
grnn was isolated by having a traverse between it and its noigh- 


aro traversed boln right to left on two carved iron ribs or racers 
let into granite bloc^ which are sank to the level of the ground. 
There ore three types of wooden platforms used in the field by 
OUT army, vis., Fasley’s,AlderBon’8,andCdonddeck’s (Fig.fiO). 

Pasley’s platform (/) consists of a number of (five) sleepers 
sunk in the ground parallel to the line of firs of the gun; theso 
are sunk nearly to the level of the ground, but slope upwards to 
the rear at On them a flooring of plwks is laid, which in 
turn is secured by tv^o side-pieces or ribbands, lashed or racked 
down to the sleepers. Pasloy's gnn platforms are 15 feet long 
and 10 fact C inches wide ; and the mortar platforms 7 feet G 
inches by 5 feet G inches. Hither of these can be laid by foor 
men in on hour. 



Fig. 63. Fascnri. Pig. 51. Pabapet iir.VCTKi> with Fascimes (a, 6, pichota nml {BScines used os anebon). - Pig. 66. FAsnHS 'Chokge. 
Pig. 6C. CouHOH IlKnaHwooi) Uabios. Pig. 57. Piah a»d Method Op WeAiho Ditto. Pig. 58. Jobes'b laoa B^an QAntoir. 
Pig. SB. MuSXITBX FaBAPST HBVETED with QaBIOHS AKD FaSCIHES, Fig. ip. iHTERIOa OP WOBX, SHOwmo Spuhteb-fboop 
Tsavebse, Fiatpobhb, asd Bevetkeht (a, sandbag revetincnt; 1, fnscine ditto; c, traTorse; d, gabion revetmeut; t, embmsnrei 
/, Foaley's gun platform; g, barbette for one gun; h, Colonel Clerk's platform; i, recess for powder or filled sbells). Pig. 61, 
Khlaboed View op Fast op Flatpobe at h is Pio. 60. 


boars. The elongated shglls of rifled artilleiy contain so mnch ] 
powder, and produce snoh powerful effects on bursting, that tbe 
necessity for numbers of traverses is greater than over, and no 
work can bo expected to continue its defence under their fire 
unless amply provided with them. A traverse whicii is intended 
to cover reverse fire is called a parados; and as these have fre¬ 
quently to be of oonsidetsble height, it is often impossible to 
allow sufficient interior space for l^em if made thick enough to 
yeally resist artilleiy. In these cases all that can be attempted 
is to oottstruot them so as to screen the defenders from view. 

Plalformg .—b order to famlitate the running up of the gnns 
after ^eir recoil, and to enable Qiem to be rea^y traversed or 
^ved from ono side to the other, platforms of wood, stone, or 
iron ore eonstmoted, on which are placed the oatriages or 
slides on which the gnns are mounted. 

In permanent ivorks where heavy guns sre employed, they 


Alderson’s platform consists of a number of balks of timber 
of tlie same size. Ten of those are bolted together in pairs, 
forming five sleepers, which are sunk as before; end on them 
tflo remaining balks are laid at right angles, to form the floor. 
The peonliarity is that all the balks are alike, and are bolted, 
together with wooden dowels. They are 15 feet long by 9 feet 
brood for guns, and 9 feet by 7 feet 6 inches for mortars. 

Colonel Clerk’s platform (h) consists of two long beams of 
inclined planes, witli fiBnge4 edges, np which the gun-wheols 
recoil. These are support^ on a front and rear bem or 
transom and two sleepers, all of which ore let into the ground, 
with their upper surface flush with it. The trail of ttie gun 
rests on a plank projecting to the rear from the centre of the 
platform. The indined planes are 17 feet long, and are about 
1 foot wide! and the whole platform can be put together in 
one honr by four men. 
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SHIP-BUILDING.—VI. 

BT W. H. WHITE, 

Z!dlow of the Boyal Sobool of Kami Ar^teotnre, and Sfembor of the 
luetitation of Kavol Arabiteots. 

BIAOONAL BIDEBS AKD FII,I.IKGS. 

It has already been romaihod that the transverse frames of 
wood ships t^en alone are, from the positions they oocnpy, 
aeoessarily inoSeoiiTO agipinat longitadir^ bending strains, and 
that the most common evidence of stractoral weakness in such 
ships is their “hogging'" or arching npwards. Ship-builders 
have tried various plans for strengthening the framing, some of 
which have fallen into disuse, while others aro still employed. 
Of the latter, the two most important are “diagonal riders" 
and “fillings," both of which oro due to Sir Bobert Seppings, 
who was Surveyor of the Kavy early in this century. There 
had, wo believe, been previous proposalB to use diagonal 
lengthenings npon the frames of wood ships, and some of 
thbm had been actually tried in France, but to Seppings belongs 
the honour of having carried the system to a Bi^ooessful issue, 
and given it the form that it still retains. 

Supposing a ship to bo hogged, the ends must have drooped 
relatively to the middle, the upper parts must have been 
stretched, and the lower parts compressed. If, therefore, it 
were possible to strongly tie the ends of the ship to the middle, 
and to make the lower part capable of resisting great oom- 
pressive Btrains, the resistance to hogging would be much 
increased, Seppings used diagonal riders for tho former purposo 
snd fillings for the latter. Uo illustrated the usefulness of tho 
riders in a homely fashion, by referring to tho rigidity of form 
given to an ordinary field-gate by means of tho diagonal piece 
fitted from tho npber angle ut the side neetreat tho gate-post, to 
the opposite angle of tho gate, and it will bo easily seen that 
there ie a great tcsomblanco between tho oouditions of strain in 
the gate and those of tho ship which tends to hog. Tho side 
of the gate farthest from the post tends to droop, and would 
droop if tho gate were formed only of vortical and horizontal 
pleoes, because these would bo capable of offering but little 
mieWoe to a change of form from tho rootangulor to that of 
any other parallelogram. When the diagonal piece is fitted, 
however, it directly opposes any such change; for it will be 
obvious that in order that the rectangular form may be eitered 
into that of any other parallelogram, tlie length of its diagonal 
moat be changed. If two diagonals were fitted, still greater 
•trongth would of course be gained, beeanse, while one resisted 
tension tho other would resist eompression. 

Seppings earned this idea into practiae, at first, by fitting 
strong and massive timbers, or “ riders,” inside the frames, and 
placing them at an inolination of 46°, with their heads sloping 
towards the centre of tho ship, or “ midship sootion," so that 
those in the fore-body were inclined in the opposite direction to 
those in the aftor-b^y. Besides those ridora, oomplementary 
pieooB, named “trusM,” wore fitted, also inclined at 45® 
to the vertical, but in tlio opposite direction to the riders 
^jaoent to them;' and in addition tho internal strengthenings 
inoluded thick longitudinal strakes of planking, overrunning 
and bolted to the riders and trusses. The plan was elaborately 
worked out, and it added much to tho strength of ships, so that 
it attracted much attention, both in this country and abroad. 

■ It bad, however, some dieadvantoges; unavoidable, perhaps, 
with wood, but still of consequence. Tho chief were the 
difficulty and osjHmso of constrnotion involved, and the groat 
lose of space in tho interior: hut in spite of these objections, 
tho plan continued in use in the Boyal Kavy for some years. 
■Too latter objection, loss of hold-space, induced Seppingst to 
suggest ^at in small vessels, where such a loss would be most 
eerioue, iron riders might bo used instead of wood, and it was 
not long before the adrantagos of the change led to the use of 
iron riders in larger vessels also. At present, timber riders 
NTO not need in ]&iti8h-bailt ships, but in American-built ships 
they have been oooasionally used up to oompaxatively recent 
tinAa, the abnndanoe of timber in Canada and the United States 
probably being tiie ohief cause of its continued employment. 

Tho iron riders now in ueo ore formed of long narrow plates 
fttenally from 4 to fi inches wide, and from i inch to 1 inch thick), 
plooed diagonally, as shown, by r r in the elevation in Wig. 15 
{page 81). Their upper endeore generally situated near the height 
^ one of the deoke, and the lower ends near the first head, where; 


the form of the frames amidahipe is getting flat, lifcethetimber 
riders they have replaced, tiiey are so arranged as to have their 
npper ends inblined towards the midship eeation in both bodies; 
they axe also nsnally allowed to oroas one another Cor a short dis- 
tanoe amidshipa. This arrangement is speoially suited to iron 
riders, because it brings them into tension when the ship hogs, 
and they are capable of bearing oonsideiable tensile strsina, while 
they oonld not resist compressive atraine. In some ships, how¬ 
ever, tiie'riders have been arranged on the oppoaite pto, witii 
their heels pointing towards the midship seotion, and oon- 
qnently they have not been nearly so usef ul m they should have 
boon. If only one set of riders is fitted in each body, then they 
ehould be placed so as to resist hogging most efficiently; but. if, 
aa is sometimes the oaae, two sets, oroasing each other at right 
angles, are fitted throughout tho length, greater strength is 
undoubtedly given to the struoturo, and sagging as'well os 
hogging strainB are provided agamst. This duplimte arrange¬ 
ment is not often adopted, nor is it oommualy requited, but it 
has been carried out with advantage in many of the large wood 
ships of tho Navy, and espeoially in some of the iron-chi^. In 
tho latter both sets of riders have been worked npon the frames, 
and bolted through them and the outside plankbig; but in tho 
older wood ships it was common to have the second, or sub¬ 
ordinate set, fitted inside the “coiling" (or inner planking), 
and not to continue them above tho height of the lower dook. 
A suggestion has been mode, and we believe it has in a few 
COSOS been carried out in praotioe, that it would be well, while 
retaining the usual arrangement of a single set of riders at the 
bow and stem, to have a double sot for a portion of the midship 
length. Such a plan would have the advantage of making the 
midship iiart strong against sagging as well as hogging strairis, 
as it obviously ought to be, while it would leave the ends strong 
against hogging strains, to whioh they are especially subject. 

Tlie practice of tho Government service is to fit the riders 
inside tlio timbers of the frame (as shown by rr in Fig. 15); 
that of tho private trade is to ^ them outside. Both plans 
have advantages and disadvantages. For facility in carrying 
on tho work the Government plan is to be preferred, because tho 
inside of a ehip in frame is oomparatively clear when tho riders 
aro fitted ; whereas on tho outside there are neoessorily ribbands 
and horpins, to support the timbere in their proper positions, 
portions of whioh must bo out away or otherwise removed in 
order to fit tho riders. On the other hand, the balance of 
advantage in point of strength lies with the private praotioe, 
olthongh the balonoo may be small. A rider fitted outside and 
well secured at the ends, naturally lies oloso to tho convex 
surface of the timbers; and when subjected to tensile strains is 
brought still closer, so that its friotion on the timbers would 
probably be oonsiderablo, and tho bolts fastening it to the 
timbers would be but little strained. A rider fitted inside, on 
the contrary, can only bo held elose to the concave surface of 
the timbers by the bolts, and its tendency to spring off from 
the timbers must be increased when it is subjected to tensile 
strains; so that under eueh ciroumstanoes tho bolts have to 
bear nearly tho whole strain, and receive little or no help from 
friction. In short, in the one case tho timbers themselves mainly 
keep the rider to its curvature, in the other the bolts have to do 
the work, and. enable the rider to develop its tensile strength. 
Whether fitted inside or outside, however, riders are important 
strengthenings to a wood ship, and they are partioularly useful 
ia assisting the outside planking to develop its strength. Besides 
this, they afford a good oonnectiou between the various ports of 
the framing, and indirectly add much to its transverse strength. 

Sir Bobert Seppings’ system'included also the use of “fillings” 
between the lower timbers of the frame. His object in pro¬ 
posing suoh an arrangement appears to have been twofold—^viz., 
to add to the safety as well as the strength of ^ips. The 
eketehes in Mgs. 14, IS, 16 will illustrate the present mode of 
fitting these fil&ngs iA ships of the Navy. From Mg. 15 it will 
be seen that the fillings extend to a height rather greater than 
that of the third sirmork, and that they entirely fill the openings 
between the frames up to that height. The sectionkl view 
(Fig. 14) ehows by a dotted lind the shape of the filling, which 
g^uaUy diminishes in its depth, or “ moulding,'’ a« compared 
with the timber; this is done in order to form a “ watw-oonrse.” 
^en fitted in place, the joints ace cacei^y caulked, both 
inside and out; and it is tiijs which adds to ^ safetr of the 
•hip, beoaase injacy to the bottom planking does not neoes- ^ 
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eaiilT' ciuue tho entty of water into the Bh4>* ' In aome oases 
thin ooneideration has led to the eitansion of the height of 
the fillings as far as to the load>water line, bnt the praotioo is 
not common, nor does it seem a desirable ono, seeing that 
injury to the planking is much more likely to take place 
below the height to which fillings arc tisudly oartied than 
above it. The gain in strength is not less important than that 
in safety; and it is duo to the foot that the fillings vendor 
the lower part practically solid, and as mcompresaiblo as the 
material wffl permit it to be, so that the resistance to hogging 
strains is greatly increased. Without fillings the massive 
transverse framing would have no opportunity of developing its 
strength to resist compression, but with them the conditions arc 
entirely altered. Hogging docs, it is true, take place to some 
extent, even in wood ships with fillings and riders; but this 
may bo explained by the fact that the longitudinal strength of 
the upper portions of such sliips against tensile strains is 
defioient, ratlier than by the assumption that the lower port is 
incapable of bearing compression. Exporionco bears this out; 
working in the upper works of wood ships is far from being un¬ 
common, but it is seldom one bears of any symptoms of weak¬ 
ness displaying themselves in wake of the fillings. 

The use of fillings is not common in merchant ships, and the 
fact is rather to be regretted; but it probably is of minor 
importance now, seeing that only vossols of comparatively small 
size are likely to be built of wood. Against sagging strains 
fillings are not, of course, effective, nor do the lower timburs 
lend any material a-id in resisting such strains, which would 
oonsoquently have to bo borne by tbo bottom planking, kocl, 
keelson, otc. These arc not the strains, howover, which ox- 
porieucu shows us to be the most injurious to wood ships ; and 
while a ship with fillings is no worse off under these circum¬ 
stances than one without, she has a groat advantage when 
Gubjectod to hugging strains. 

The openings have in a fow vessels boon filled in very nearly 
from gunwale to keel, tbo framing being thus tnrnod into u 
compact mass of timbering connected together by dowels and 
bolts. The weight of the framing is, of course, mode much 
greater by thie arrangement, and it is only had rooourso to 
when very exooptioual strength is required. In ordinary vessels 
partial fillings aro required for speoial purpoaos in some parts— 
such as in wake of the channels, scuttles, etc.—but those do not 
add to the stoength of tho stouoturo, and are not intended to do so. 


OPTICAL INSTRUMENTS.—XVII. 

BY BAUBXL HIGHBBT, r.O.S., XTC. 

B0UBCE8 OF ABTIFICIAI. LIOBT (eonttniud). 

Condensed Oa$ System .—Undoubtedly the usual arrange- 
meat of gas-bags, pressure-boards, and weights is a oumbtous 
ono, though presenting adTantagos to the travelling leoturor in 
other ways; and though tho water-pressure arrangements dis¬ 
pense with the impedimenta of weights, while the leoturer is 
travelling, they still present bulky and unwieldy paokages. Tho 
Americans have lately advocated tho method of condensing tho 
gases in metal bottles, os presenting the advantages of eom- 
paotness, extreme portability, and eoonumy,'u’tf/( the greatest 
amount of pressure attainable; whioh, in other words, means 


ooeors at this stage of filling. Bnt toongh this is a drawback to 
those who have to lecture night after night, the amateur wotdd re¬ 
gard the saving him the trouble of maUng tho gases as an advan¬ 
tage; os he has only to make a point of retnming the bottles to be 
re-filled immediately after each exhibition to obviate thie draw- 
back, especially as he can obtain the gases cheaper than he can 
make them himself. To the photographer this form of apparatus 
presents great advantages for enlargomonts, being ever ready for 
use. But this system is not a now one, for it was employed twenty 
years ago by ]&. Adams, the well-known lecturer on oetronomy 
and physios. Those bottles consist of wrongbt-iron oylinders, 27 
inohes long by 4) inchos in diameter, capx>od with most carefnlly- 
oonatmotod valves worked by lover regulators, and ate capable of 
holding 6 oubio feet of oondensod gas. These aro tested before 
sale to sixty atmospheres, or a pressure of 900 lb. on,iho square 
inch, and as the pumping pressure seldom exceeds twenty-five 
atmospheres, or less than half tho test pressure, perfect im¬ 
munity from danger is ensured. A priori, wo should fancy that 
as the presBuro is always on the decrease, tho light would also 
be decreasing, unless the valves wore under constant regulation; 
but praotieally this does not happen; for, if properly manipu¬ 
lated, we have not to alter tho taps more frequently than with 
tho gas-bag arrangement. Six 
cubic feet bottles will lost two 
hours, though by caroloss work¬ 
ing they might bo used up in 
twenty minutes, or even in os 
many seconds. 

On connooting oondonsed gas- 
bottles with a lime-light jot, tho 
taps of tho jot should be turned 
full on, and never used, all adjust¬ 
ments being made direct by tbo 
lever • keys that regulate tho 
valves. 

Lime-Light Jets, — Lime-light 
jots are divided into two classes 
—“oxy-oalcium jets,” wherein i 
the oxygen is completely isolated ' 
from the spirit or house-gas flame g 
through which it is blown; and 
“ oxy-hydrogen jots," whore the 
gases ore stowed in separate bogs 
or other receptacles, and mixed 
in a tube just before passing from 
tho nozzle. Oxy-calcinm jots aro 
again distinguished as “oxy-spirit- pj[g_ 

jets” or “oxy-honso-gas jets.” 

0»y-spirit Jets. —For “foreign service,” or in country places 
when house-gas is not attainable, a good oxy-spirit jet is a most 
nsoful form of apparatus—in fact, tho best form that can be re¬ 
commended for such localities. Thp ordinary form is shorvn in 
Fig. 62: it consists of a “ fountain-lump ” cistern capable of 
holding half a pint of methylated spirits of wine, 8; tho spirit 
is carried to tho wiok, w, by a tube terminating in a cylindrical 
wiok-holdor^ Tho wick is ordinary lamp-cotton, about 21 inches 
in length, and about J-inoh in diameter, passed throngV tliree 
tubes arranged triangle fashion (one wick next to the lime, 
two next the nozzle). When trimmed the cotton stands about 


seonxity from tho gases mixing, running hapk, and exploding— 
as the weights may be said to be always on —and also inoreasod 
intensity in the light ppduoed. Thus the gases may bo kept 
at hand any length of time, and over ready for nso, which is not 
the ease when they are stored in india-rubber bags. As regards 
comparative space ooeupiod, while a single gas-bag of 6 adbio feet 
eapaoity^ within its presBuro-boards would measure more than 
86 by 24 by 24 inches when filled, and its weights 17 by 6 by 6 
inbhea, a pair of bottles eaoh of 6 oubio foot oapaoii^ would 
on]^ occupy a space of 30 by 12 by 6 inches when packed in a 
Stoat travelliqg-oaso (Fig. 01). As regards oozaparative price, 
a stoat gas-bag with pressore-boards and weights would ooet 
A4 14s., while a bottle in <»bb woold only cost £9 Ss.; and the 
bottle will not wear oat, while the gas-bag most every now and 
then be nplaoed. Aa these bottiee most be sent to the mana- 
faotnxen to be pnmped faQ, the ooet of the generating appa- 
wtnels .elao swrsd. TUa leads os to the only drawbaok to &e 
aystaui: the pantping iqipaxatns is costly, and reqnirea great 
cere ia maniiwilatioar in fact, tha only &nget in this system 


I-inoh above these tubes, and the entire wiok is divided and bent 
baok right and left, so as to leave a clear oonrae for the oxygon 
to the lime, care being taken that no stray threads toucli tho 
nozzle or lime-cylinder. Beneath tho spirit-tube runs another 
take, O, that carries tho oxygen gas from its receptacle to and 
■throngh tho centre of tho apirit-flame, and on to the limo-cylin- 
dor, n, by an upward curve terminating in a blow-pipo nuzzle, n. 

The wick must stand at a proper height in relation to the 
fountain valve, or tho spirit will overflow and cause accidents. 
Both careful construotion and monipulatiou of tliis arrange¬ 
ment is ncoessory to prevent saoh a mishap. 

In tho Journal of the Photographic Society for December 
18th, 1869, page 168, Dr. D. Tan Monokhoven dosorilibs and 
figures a mo^cation of tho oxy-spirit jet, wherein tho spirit is 
placed in a deep upright oyllndriool spirit-lamp, but exception 
must ho taken to the length of the spirit reservoir, os entailing 
too groat a strain on the capillary powers of the ootton_flhips|{ 
for tho shorter the wick the fuller is it chafed with spirit, and 
tho liability for the wiok to char ia lessened. 













124 


THE TECHNICAL BDtJCATOE. 



I, 

imm 

If 


1 tawfc 


M. Bomain TUbot of Faria baa airan^od an oxy-apirit jet,'ao 
ibat iihe oxygen ia projected throngh the oentre of a cylindrical 
wiok, noazle and wick being oonoeutrio. By one arrangement 
the jet ia projected on the limo in the uanal angular direction. 
In another the oxygen jet ahoota atraight npwarda through a 
irick fonaod of a bundle of fine witea, and the oxy-apirit flame 
ia projected on a diao of aoft lime placed at an angle to the 
perpendicular jet. 

Convinced aa I am of the valne 
of the oxy-apirit jet for localitiea 
where houae-gaa ia not attainable, 
and the making of pnro hydrogen 
would be Togurdod ae an inanr- 
mountable objection to the nae of wBm 

lime-light apparatna, I have modi¬ 
fied the usual form of this jot, and 
1 think it will be found with ad¬ 
vantage. The points of construc¬ 
tion are:— 

1. A resorvoir for the spirit 
that Can be kept cool and cannot 
overflow. 

2. A wick that gives a largo 
compact 
flame. 

8. Awiok- 
holder that 
will keep 
the cotton 
wick BO cool 
that it can¬ 
not char. 

4 . A sup¬ 
port for the 
Ume- cylin¬ 
der ihat of 
neoessity 
need nrrt 
have an ad¬ 
justment to 
and fto, if 
the lime- 
eylinder be 
turned to 
one gange 
of a given 
diameter. 

5. A largo- Fifi- 68. 

bored blow¬ 
pipe nozzle, 
for which 
on adjustment ' 
in the flame is 
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top of the spirit-lamp by a 'itont tnbniar fitting that allowB of 
the wick being adjusted for height and direction. The wick ia 
eveidy trinuu^ to oorreapond with the angle of its holder, and 
Is then divided and turned on each aide to form a elear valley 
through which the oxygen is projected on to the Ume. The 
reservoir is supported on a tnb^ o, that snppliea oxygen to the 
flame, and this tube ia attached to on adjusting olamp, C, that 

slides on a anpporting rod. Into 
the end of the oxygon tube a blow¬ 
pipe noazle of large bote, K, fits 
BO that it is adjustable to the 
wick for height, inaortion, and 
true intersection of the spirit- 
flame, and it is Bot at an angle 
corresponding with that of tee 
wick. At tho back of the reser¬ 
voir ia fitted a eerew-oappod 
tube, T, by which freah spirit 
can be added while tbe lamp ia 
burning. 

A rotating limo-support, L, ia 
attached to tho tnbniar fitting 
into which tho wick-holder slides. 

To keep tho 
spirit oool, 
a onrrent of 
nir is sd- 
inittod to 
llio reser¬ 
voir by 
lii'lcs in tbe 
screw - cap, 
T, and the 
wick-holder 
H. By the 
arrange- 
incnt here 
described, 
tho wick- 
holder will 
keep BO cool 
that it can 
be easily 
bandied 
while the 
wick is a- 
lightWhon 


I and fro 
an advan¬ 
tage, set at such an angle that 
it makes the rays from the 
ineandeacent Ume olcat the 
tube that oarrieB the nozale, 

BO that its imago may not be 
Xsojeoted on tho acreen by the 
eondensora. 

6. The means of adding 
mote spirit, should it run 
nhort, without having to ex- 
tingideb. the burning wick or 
disturb the adjustment of jet 
in its lantern. 

My oxy-apirit jet ia shown 
in Fig^ 63. It will be seen that 
tho reservoir, b, is a horisontal 
cylinder (not upright as in Monokhoven’a) somewhat resembling 
a steam-^iler in aapeot, bot is in fact a shallow spirit-lamp, 
whesain the arrangement of the wick and ita bolder ia the im¬ 
portant point of modification. Instead of being round and 
small, tho wick, W, is long, wide, thick, flat and double, and is 
made of looaely plidtod ootton, not cotton thread. The wiok- 
holder, s, ia made df thin dieet braaa (to hold aa littite heat as 
ponibla), and ia j-inch iu the aide by 1-ineh wide, and the top 
is ont eUi<indy to form an angle of 88°. Thia ia fitted to the 



connected 
“ with a sup¬ 
ply of oxy¬ 
gon, and the amount of gaa is 
properly adjusted by means of 
the lover-tap, the spirit-flame 
ia carried in a noiaeleaa jet 
nX>on a soft lime-cylinder that 
soon yields a bright diso of 
light, and witii f^ pressure 
the best light I have ever seen, 
got out of an oxy-caloinm jet. 
In conjuttotion with a portable 
metal gas-holder this fully 
meets the requirements of an 
Indian or colonial outfit, whe¬ 
ther it be for photographic 
enlargement or lantern exhi¬ 
bitions. 

Ovy-ho\tse Qas Jet. —In this 
arrangement the spirit is re¬ 
placed by a house-gas flame 
BuppUed by a eeparate tube, as shown in Fig. 64. If thus dis¬ 
posed, it is bettffi to flatten the end of the tube where the gas 
is ignited, and better still to make this terminal burner ^ a 
piece of tube of larger size: buil^ the jet usually empl<qrad ia 
arranged so that the house-gas envelops the oxygen nozale to 
secure a more perfect combination of the two gaeea before thz7 
strike upon the lime-cylinder, beiag Infaot a " Herapath'a blow¬ 
pipe ” modifled for the Ume light, as shown in Fig. 6S. Ik both 
these orrasgementa it la impoasihle for either gae to paea from 
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one tube to tiia other, and form an exploaire mixture, which 
Itae given riu to their being called “ eafety blow-throngh jets." 
^Hio diawbaok to this form of jet is that the gaaee strike npon 
the lime with a roaring flame; bat, on the other hand, honso 
gas is obeaper than apirit, involTee no lamp-filling and wick- 
trimming, and simply reqnires the tabs set apart for the car- 
buretted hydrogen to be oonnected by a vnloanieed rubber tube 
with any honso supply, such as the burner of a chandelier or gas 
bracket, and the other tube with an cacygen bag, gasometor, 
gas-holder, or condensed gas-bottla. Though great faith has 
been established in the minda of amatenr lantern-workers as 
to the exceptional safety of this 
arrangement of jot, I must say 
that a form of ojy-honse gas 
jet that is for neater, gives a 
better light (in consequence of 
the gases being perfootiy mixed 
before they issue from the blow¬ 
pipe nozzle), and is free from the 
objectionable roar roferrod to, 
may be used with equal safety, 
if we consider the improbability 
of house-gas at the ordinary 
pressure of the main being 
driven into an oxygen bag when 
suflioiontly weighted or vice 
versa. The arrangement I refer 
to is a modification of Professor 
Baniell’a oxy-hydrogen blow¬ 
pipe, which, ill its original form, 
was showy but oumbroas, being 
intended for lecture-table ox- 
petimentB, but as arranged for 
the lantern or for photographio 
enlargements, it is represented 
in Pig. 66. The difference be¬ 
tween Herapath’s and Uauicirs 
jet is, that while the former has 
an opened mouth nozzle, us 
shown in Fig. 65, in the latter 
the gases are mixed in small 
volumes just before they issue 
from a nozzle of small bore. 

The arrangement is shown iu 
section in Fig. 66. A stout tube, 

I, is fitted at its lower end with 
lever stop-cooks for hydrogen 
and oxygen, h and o. This 
tube slides throngh a spring 
flange, r, screwed to the floor 
of ^e lantern, etc., or it may 
be supported on a separate 
telescopic adjustable stand. 

Throngh the centre of this tube 
passes a fine pipe oonnected with 
the lower stop-cook, o, that con¬ 
veys the oxygen to its upper 
end, where it is supported by a 
'metid plug, d, that is drilled with 
holes to allow the passage of 
the hydrogen admitted by the 
stop-cook H. Over the tube, i, a 
tube, T, dosdy fits that oarriea 
the nossle H, and lime-stage s s. 

The lime-qyUnder l is supported on the lime-pin p p, that can 
be adjusted upwards or downwards by means of a coarse screw, 
workfaig through a clamp nut, o o, that slides to and fro in a 
slot cut in the arm 8 s, to allow of the lime being adjusted 
nearer to ox further from the nozzle N. The tapB'H and O are 
veapeotiv^ connected with the house supply, and a bag or 
other oxygen receptacle by the india-rubber tubes b, n. As in 
the previous arrangement, the hydrogen is first admitted and 
ignited at the pmnt of the ncezle, and aftw it has warmed the 
Ihne, it is turned on full or nearly so, and the oxygen is then 
^wly admitted tilL the lime is render^ fndly inoan^cent, tiie 
beat effeet being obtained when the house-gas is slight^ in 
nneess, as a preponderance of oxygen cools the lime and 
di wiiii s h a s the full brillianey obtainable by the proper 



mutual adjustment of the two gases. This form of jet may 
also be used for burning the gases under pressure, and is the 
arrangement in general use for “ theatre Hghts.’' 

Owy-Hydrogen Jet .—In the early days ^ lime-light man^- 
lation, both the gases were mixed in one bag or bladder, in 
the proportions of one quart of oxygen to two ^ hydrogen, and 
were then burnt in connection with a aafe^-jet. Fig. 67 shows 
such an arrangement, which has long been used and recom¬ 
mended by 'Woodward in his work on “ Polarised light-” r 
represents the bladder of mixed gases placed in a dMoending 
preseure-frame, o a, the weights being placed on tiie shelf a 

below the bladder. ThisUa^ei' 
can be replenished from a se¬ 
cond E, fitted with transfer taps. 
The lime-jet, l, is not only fitted 
with a Gurney’s water-ehamber, 
but also a Eemming’swiro gauze 
safety-tube, x, to be hereafter 
desoribed. 

At the present day few per¬ 
sons would care to commence 
any exhibition or lecture with 
less than 12 cubic feet of the 
gases, and each gas in separate 
bags with 1 owt. on each bag, so 
as to bo sure of sufliaient supply, 
and a pressure that will ensure 
the full intensity of light obtain¬ 
able by the “ oxy-hydrogen ” or 
“ mixed gas jet; ” and few prac¬ 
tised manipt^tors now put faith 
in safety-jets, but roly entirely 
on the rules I have previous^ 
laid down, as to keeping the gas 
receptacles equally and always 
weighted during the time the 
apparatus is in action, and the 
gases burning. Nevertheless, 
it will bo well to describe the 
various contrivances that have 
been recommended to ensure 
safety while using the oxy- 
hydrogen jet. 

Oumry’z water chamber is 
simply a small metallic bottle, 
to &e top of which the nozzle 
and lime are attached. The 
wwed gases pass from their 
receptacle by a tube that turns 
downwards, to allow the gases 
to rise in babbles through the 
entire depth of water with which 
the vessel is two-thirds filled, 
08 shown in Fig. 68. Should 
the ignited gases by any acci¬ 
dent recede, it was supposed 
that the water would cut off 
the delivery-tabe, and any ex¬ 
plosion would bo confined to 
the small portions of gas above 
the water; but I have heard of 
a ease whore the rising bubble.^ 
formed a train of explosive gas 
and passed to the deliveiy-tube. 

Hemming's safety tube (Fig. 60) is formed of an alternate 
series of horizontal layers of toe meshed wire gauze, and vertical 
bundles of wires, through which the gases ore driven, and it 
was supposed would retard and extinguish an explosive mixture, 
if there were any tendency to recode. But hydrogen under 
presBuro can bo driven back into a bladder partially filled with 
oxygon placed under weaker pressure, and that if a light be 
applied to the free end of the wired tube, on the weight iieing 
removed from the bladder, a “ suck back,” as it is termed, will 
ooour, and an explosion will follow. 

Taylor’s safety valves are of two kinds: one, a light flap 
valve hanging by a hinge, which may at once bo disposed of, as 
not being tetoble unless accurately levelled, or inotoed so tiiat 
the flap ^ould lay upon the aperture that admits the gas. The 
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Udood is tk nova piM<ioal and reliable form, abows in Fif. 70. 

is a apiiiig Talre ibat «an be fitted between a pendant 
portion the indiiMnbber deUTering'tnbes, end allowe the flow 
of gae under preuure to paaa in owe Mreetion only i ehonld a 
Hreeliiii prennre be eet up in the wrong direction, the apring 
oomoc into play, and the tbIto ia tightly oloaed. 

The lolled eafety-jeta, haring r^res, bandies of wires 
interaootcd by wire ganzos, and even Gnmoy'a watoT-<diamber, 
ore, I beliere, snoroa to coroloss operators, for if the preeeare 
on tho bags bo unequal, the gas on which ihoro ia the greatest 
preaanro being nnablo to oaoapo in auSloiont quantity ^m tho 
bore in the nozzle of the jot, gradually forces back thegaa under 
leaser pressure, an ezploeive mixture is gradually formed in the 
bag, and if the smaller weight ia oCoidentally or oarelesaly 
romoTod, an explosion must follow. 


STLK CULTURE.—III. 

Bj' AtxzxsDsn Wiu.^cz, 11.1). 

TIlBATMnNT OBaWINO WOBSIR—TABUI.AB PBOOBAltllllS 
OP THE EDUCATION OP ECjOB, BTC. 

As time progresses and tho worms get larger, tho temperature 
should also inoroaso, and tho hygrometer show a dryer 
atmosphere. As mnch pentilation ehonld be given as possible, 
avoiding draughts and currents of cold air. Food must also bo 
given in larger quantities, and at more frequent intervals. In 
the 8rd age five feeds a day will often be necessary, and in the 
4th age from six to eight feeds may be given. It will not now bo 
neoossaiy to out the leaf so fine. In many magnaneries the leaf 
is given whole alter the 3rd ago; but by using the mulberry 
let^-outter economy of leaf is obt^od even to '&e last,'as weU 
as economy of labour, Bcgularity in the hours of feeding is 
ecsential. During tho let age 7 square feet are required for 
every onnoe of worms; in tho 2nd age, 14; in the Srd age, 84; 
in the 4Gi age 82 ; and in the last age,'183 aqniire feet must bo 
allowed. It follows, 'therefore, that ih' .oalonlating how many 
worms may be odnoatod in a given space, regard mast be had to 
tho laat Bge, when tho greatest space ic re'qtured; bnt, sc I have 
before observed, it is wise to provide a much larger snpply of 
eggs than the number ootnally to be reared, so as to provide 
against losses that may ensue daring the education. One Onnoe 
of oggs 'Will give at a rough computation about 40,000 Worms; 
these should consume from 1,200 to 1,600 lb. weight of leaves, 
and should produoo at least 48 lb. ol ooooons. Daring the 
edueation there will bo carted away ia refuse from tho trays 
74S'lb. 6 oz., of which 155 lb. 8 oz. is exormnent, 'the rest 
stalks, fruit, and unoonsumed food. Honee it appears that the 
'Worms would oonsnme about 770 lb. of leaf, wbioh would suffioe, 
if all the worms lived, to produce 120 lb. of ooooons; hence the 
doduotion that 16t lb. of pure leaf is sufficient to produce 1 lb. 
of cocoons, provided none of it be wasted. 

Subjoined is Count Dandolo’s programme of tho ednoaiaon of 
.5 oz. of eggs:— 
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SORTED LEAVES. 

Sth ago. S7V3 lb. 

4th ..B39 „ 

Prd ago.324 ,. 

Sudaga.83 „ 

Istage.39 


Total sorted leaves 
■Add. 


10^ (refuse limves, loss 
_!L ( from evaporation,oto. 


8130 1b. 

Or 8,630 Ib. of leaf piclced from the tree to fued S oz. of eggs, or 
' 1,^ lb. Of leaf for 1 oz. of oggs. 


OBBEBTATIONB. 

Pint Age.—The silbworins on somo tables or hurdles roused sooner 
thau others. By reason of the exterior cold, the tempemture of some 
parts was a dogroc and a half below other ports, although the whole 
was well closed, and lined to keep out the cold, lliia degree of cold 
was ou the side of tho apertures and lower rows of tray hurdles. 

Stcond Agt .—The silkworms became torpid, and roused with more 
regularity, and at less distant periods than in the first age. 

Third Ag «.—All proceeded ■with regularity. There were twenty-four 
pounds more of mulberry-leaf consumed this' year than in the pre¬ 
ceding. There was less refuse picked from the leaves this year, oon- 
scqnontly the average quantity of leaf must have been nearly the same 
in both years. 

Fourth Age.—Two days were employed in cleaning the wickers, 
becatiso the silkwoms that were placed in tho coldest part of Gie 
laboratory became torpid, and roused a whole day later than the orthecs. 
Thirty pounds more of sorted leaves were qpnsnmed than in the pn- 
vioua year, bnt there was loss zefose. The progress of the fourth sg» 
was tolerably regalar. 

Fifth Age.—Tho cold and variableness of the weather under these 
last shown days of the season were remarkable. The siHcwmmis con¬ 
tinue to prosper. But as the nights were very oold, an even tempers- 
ture throughout every part of the laboratory could never be obtsfaiedi 
Fires were ligbtsd in the stoves, and thiok wood was burnt In the 
gratss to ttatntaiin the neocssary temperature. There were 64 lb. 
more of leaves consumed than in the pTevious year. The refuee 
of the leaves and the weight of dung 'were less than in the previous year. 
There were fewer mulberries on brsnehes, and even these were 
lighter then in 1818, There' were obtained 6 lb. more of ooooone. 
Some 'Wicker hnrdlea isquited a UfeOe leaf on 8Sth of June, the thlxty- 
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•ightb of the Tewing of the efllcwome, lad they leoelTed that 
Vhioh had Bot hees donennied the pieoediiig day— 1,^ Ih. of leaves 
per onnce of eggs. Xhe silkworms of S os. of eggs, ^visg aousomed 
8,180 Ih. of. leaves, prodoeed Ml lb, of ohoios eooooBS, and 4 lb. 8 oz. 
ef ooarse floss; glvliig, tbetefon, about M lb. of Isaves ooasnraed for 
1 j Ib. of ooooons, 

Ja order to ehow what may he dona in this oonntry, I annex 
the tshle of temperature as observed in my nnaU magnmeriet 
at ColohoBter, in 1871; with a deaoription of the room, and the 
dates of my education. The hygrometer used was obtained 
from Negrbtti and Zambra, called a damp-detector, small, 
portable, and sufficiently accurate for the purpose. About 25° 
seemed the medium point at which the worms may be considered 
in a safe atmosphere. Should the indicator not reach that 
point, it became necessary, either by means of extra ventilation 
or dry warmth frem gas-stove, to renovate the atmosphere of 
the magnanerU. A good blase in the Amott's stove, from straw, 
wood, or fresh coal, will often accelerate ventilation, and freshen 
np the room. When there is a deiicienoy of ventilation, or an 
excess of moisture in the air, the worms ore sluggish, lose their 
appetite, and rise very slowly. Vigorous, hungry worms, that 
sonsnmo leaf largely, are sure to do well. 
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I tried three samples of eggs for my experiment:—No. I, a. 
small sample, about j ox. (yellow), from Japan, brought by a. 
friend, probably “bivoltine;’' No. 2, a second sample (4 ox., 
from Japan, of a noted (yellow) race, imported; No. 8, 1 ox. 
of a (yellow) Japanese race, reproduced in 1870 in Eniope. 
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My magnanffrie is on the ground floor, with no room abova 
it, 10 feet 9 inches high, abont 20 feet long, 15 feet brood, con¬ 
taining about 3,100 enbio foot of spoco. M. Tanrigno, ^ his 
manual, states that about 2,100 cubic feet are required for each 
ounce of eggs. “ Vne magnonerie ou chambre deatiii4e 5 nh» 
dduoation de cinq onoes doit avoir au moins 72 mhtxes* de snr- 
face^ e'est k dire, 12 mhtres de longueur, et 6 de lorgenr; sa 
hauteur doit Sirs au moins do 4 mStroa, ce qni produita nn 
vide de 288 mitres enbes, B<^t 57 mitres cubes par ouoe de 81 
grammes** (our English ounce). 

The only window in the magnanerie faces west; a skylight 
facing north lights the east end of the room: there ate three 
doors, on the eastern, western, and southern aides respcotively. 
The southern wall is scarcely at all exposed to the snn; but the 
roof, facing south and north, is scoredy if ever shaded; on the 
southern side is a small room, and ontside that a greenfaonse, so 
that a constant current of air on sunny days, warmed by the 
gloss house, i>ormeatoe the magnanerie. For ventilation, there 
are three openings in the ceiling, abont 12 inches square, into 
the space under roof, closed with perforated xinc; a ventilating- 
brick is over the west -window, and two other openings out in. 
the north wall just beneath the level of tho ceiling. These, aa 
also tte porforatod brick opening, aro cloved at will by wooden 
shutters; the' skylight is aJso made to open. But the most 
important ventilating apparatus is on Amott’a stove, with the 
addition of an opening made just below tho ceiling into the 
chimney, fitted with an Arnott’s ventilator, which may be cloeed 
at will. This apoi^iro opens into an iron pipe 4 feet long, 
running upwards inside tbo chimney, and with a cap on the top 
to prevent tho downfall of soot. Tho warmth from the fire below 
creates in this 4 feet pipe a constant upward draught of air, which 
mnst be supplied from tho room ; thus the upper strata of air aro 
continuaDy drawn off. The Amott’s stove below is set in fire¬ 
brick, and conatructod with a ooal-box beneath, which supplied 
fusl for nine hours without requiring f-urther attention. The 
floor of tho coal-box was elevated from below by a lover and 
ratobet apparatus, and thus coal -waa lifted np from below as 
required for further use. This box -was filled every night at six 
p.m., and the fire relaid and lighted. Being made up again at -ten, 
it kept alight all night. In the morning, however duU and black 
-the mass appeared, by means of elevating tho coal below and 
drawing tho blower down in front, a brisk blaze was •soon 
induced, and in half ox hour a very hot fire j the flre-briok when 
onoo hot remained so for at least twenty-four hours. Hence 
there waa mtdntained Idironghont tho twenty-four hours, and 
espebially at night, perpetual ventilation, not merely ai regards 


■ A mitre is equsl to 40 inches os nearly aa pos^Ue. 
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the loWMr Btrata of air, bnt also, by noana of the pipe in the 
obinney, the upper atrata were gentiy and imperoeptibly drawn 
off: at the aame time great heat waa given off by the fire-briok, 
and thus a moat effioient apparataa wraa brought into aotion to 
oonntoraot the atmoepherio difflouitiea of our Engliah olimate, 
and with perfect aaoceaa, aa evidenoed by the records of the tern* 
poratoree in 1871. Another worming apparatue at the farthest 
end of the room was oocaeionally used—a Mussett's gas-boiler 
and horizontal ooil of four jnpea 3 feet long, waa placed at the 
southern side of the room ; two atmospheric bnmera heated the 
boQer, and the gas fumea were oorried off by means of a close- 
fitting iron case and pipe, carried oror and across the room to the 
chimney. Half an hour after the gas was lighted the water in 
the pipes became so hot that the hand could not be retained on 
them; the gas was then lowered, and the water kept about 
boiling temperature. In this way, at an economical rate, extra 


the first three ages, in cleaning, nets may be put over the traya, 
and removed by one person by the aid two atioka with a niul 
at the fnd, one in ouih hand; the nail being inserted in a meah 
at one comer of the net is twisted round, this retams the farther 
comer; the nearer comer of the net is held in the same hand as 
tile stick. Thus one aide of the net is held tight, by means of tho 
stick in each hand, and is thus easily lifted off and replaced; 
' but in the last two ages it becomes desirable to have extra help 
I in changing the nets, and the papier/lets are more easily han- 
I died. It is at this point that table in the centre of the room 

I becomea of considerable use. The operation of oleoning is aa 
I foUowa:—A fresh papier filet having been placed on a tray early 
I in the morning, ia fed over; at noon, tho whole (including tho 
I brown paper below) is removed in one operation and plao^ on 
I tho floor alongside the table, whereon another sheet of brown 
I paper has been placed toady. The upper papier yUet ia now re- 



Fig. 4.— cATa£Pii.i-au, cocook, chbtsaub akd voth of the bohbtx foi<yfhehub. 


heat was occasionally suopliod, espedally at night and during 
tho cold sunless days, and on some oooasions when the Arnott’s 
atove waa not in use. By means of this apparatus the tompera- 
turea were kept very equable, and ventilation thoroughly 
attended to. It will be noted that, notwithstanding the cold and 
wet season, especially during the month of June, the tempera¬ 
tures were kept at an equable and moderate rate, and the* 
hydrometer at a fair level, and this in one of the coldest and 
moat inclement aeoaons we have experienoed. After the expe- 
rienoe of the year, the olimate of England need not be cited as 
offering any difBoultiea to the muntaining in onr magnaneries 
the necessary atmoapherio and hygrometrio conditions for the 
onltnr^f the mttlbeny aitkworm. 

As the worma get larger, their refuse gets heavier and more 
bulky, and it ia to riionge them oftoner, at least twice a 
week, and in the lost age every day if possible. I prefer to nae 
nets for the first four agM, but for the last age the papier 
fiiett, ohiefly because nets wiU not sustain the great weight of 
wonna at t^t age whan lifted off in g le a ni n g the traya without 
stratidiing vary much, and tins diaanaagea the wonna. During 


moved with the worms, and placed on the table, and ihenoo 
returned with tho sheet of brown paper to the tray ; the old bed 
is then placed on the table, looked over and cleaned, the refuse 
being thrown a^y, and the papier filet hung out to air tUl the 
next day, when it is used again. In this way tray after tray ia 
cleaned rapidly and easily; and ainoe it takes less time to adjust 
a papier over the tray, owing to its stiffness, than a net, it oannot 
be denied that the papier J^t$ have an advantage over the nets 
in the late stages. As spinning-time approaohes, their exoretiona 
become moister and enormoua in quantity, and there is there¬ 
fore greater exhalation from the worms and from their bed; they 
eat enormously. Great oleanlineas and abundmit ventilatim are 
therefore neoeaaaiy. At last they become of a yeUowirii trana- 
Inoeut colour, their heads seem veiy small, they atop feeding, 
and aa their intestinal canal empties so the lower segments of 
the body oontraot, and the idtimate segments get narrower and 
tail-like. Th^ wander about, approach the edge of tiie tray, and 
hold up their heads aa if loolriiig for aometiiing. Thank the time 
to eet up the bnahea for the ooooon to be apun in, and the 
labour cd tiw last moult ii now to be orltioally tested. 
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CIVIL ENGINEERING.—XIV. 

BT S. a. BABTROLOHKW, O.X., 11.8.1. 

BBEAKWl-TEBS. « 

Tbi Ituboiur at Aberdeen as left by Smeaton was capable of 
still farther impravement by a jndioiona extension of break¬ 
waters and piers. Id 1810 Telford was employed to carry out 
the object. He fonnd the south or catch-pier, whidh Smeaton 
had eteoted, destroyed, and as this was on essential stmoture, 
Telford oanstmoted another of a more substantial character, 
of out granite, having a talus or slope seawards of 1 in 5. 
This was followed by an extension of the north pier to a 
distance of 300 feet in adronoe of the point Smeaton had 
carried it to, and this was found so beneficial to the harbour, 
that it was subsequently extended SG5 feet further. The 
-extremity of this immense projection, 
stretching out upwards of 2,000 feet in a 
north-easterly dhwotion into the German 
Ocean, has a slope of 5 to 1, and stands 
the fury of the preTailing winds well. 

The mode of oonstruoting this break¬ 
water was ori^nal and very successful. 

The bottom is a loose sand and gravel, 
and in order to consolidate the work nnder 
low water, large stones were dropped from 
lighters, the interstices being filled in with 
smaller, until it was brought near the 
level of low water, at wldch level the 
ashlar work commenced. This ashlar 
wctrk is not laid as usual, horizontally, 
but at an angle of 45°, inclining back¬ 
wards, by which arrangement it was better 
able to withstand the action of tho sea 
during the progress of the work. 

Fig. 32 shows a 
longitudinal section 
of the pier, and the 
position of the ash¬ 
lar stones. 

The stones em¬ 
ployed in tho fonn- 
dation are of a 
gneiss formation, 
and being difficult 
to dress, tho local 
masons call them 
“ heathens.” Some 
of these weighed 
from five to thirty 
tons, and were slung 
between the bows of 
two lighters having 
counter-weights at 
the stem; by this 
means they were 
floated to the pier¬ 
head, and deposited 
in their proper position. A railway was laid down along the 
Tior, with a donble-heoded orane at the end moving on a framing 
of timber resting on rollers. This railway advanced with tho 
work, and greatly facilitated its progress. 

There are many towns upon the east coast of Scotland which 
from their exposed position require to be protected by piers, 
^ese piers, from t^ character they snst^, and the object 
with which they an erected, partake essentially of the nature 
of breakwaters. Peterhead possesses on important breakwater 
of this kind. The granite in the neighbourhood, called Icoally 

Pacey whin," is an admirable material for these stmotures. 
It is ezoessively hard, and cannot be worked in the ordinary 
losnner, but the masons who nse it are aware of a peeuliarity it 
possess^ and avail themselves of it. The stone has a natural 
cleavage, or “ greet" as it is termed, the position of which those 
Mooatomed to it readily ascertain, sddom mistaking it. They 
wen draw alinein the direction of the “gseet,” and sink a row 
w holes along it with a heavy double-ended blunt-pointed 
"**emer, the points being highly tempered. These holes are 
ww united a groove into wMidi they place sted wedges, 
*Wki]ig the wedges is succession with a hwvy hammer along 

Tot. m. 


the whole line, till the stone splits asunder, the fissure being 
nearly as straight as a saw-ont, but not so smooth. 

An excellent breakwater pier exists at h^azerbnrgh, on the east 
coast of Scotland. It has three bends; the first runs north-east 
for 272 feet; the second turns a litUe to the south of east for 
440 feet, and from thence returns almost due sonth for 100 feet. 
This pier is 33 feet 7 inches thick at the top, not reckoning the 
parai^ wall, which is 4'5 feet thick in addition. It stands 20‘5 
feet above low-water mark, and slopes considerably on the sea 
face. Towards the harbour the face is curved. 

In the oonstruotion of the piers at Pnlteney Town, in Caith¬ 
ness, Telford made use of oasks made of fir, in order to float 
the stones employed in oonstmeiing the foundations. Some of 
the stones are of immense size and weight, varying in length 
from 3 to 20 feet, and from 6 to 15 inches in thickness, their 
breadth being about 3 feet 8 inches. 13ie 
casks weighed about 25 cwt. each, and 
displaced about 445 cubic feet of wato, so 
that two of these casks would support 34^ 
tons of stone. Four casks were made use 
of, and they were sometimes emplqyed to 
assist in floating the vessels laden with 
stone. Owing to the limited depth of 
water in the harbour, the stone-laden 
vessels would not always float in it, not 
even at ordinary high tide; four of ^ese 
casks placed two on each side of the vessel, 
and eonnected with chains passing under 
the keel, exercised a lift sufficient to enable 
them to enter and deposit their burden. 
The oasks did not cost more than ^8 each, 
and by their aid the stones, which had to 
be brought three miles, cost only Is. 6d. 
per ton when deposited. Some of the 
stones employed 
were brought from 
positions under low- 
water mark. Holes 
were then bored in 
the upper face of 
the stone, and an 
iron shank, 2 tnohes 
in diameter at tho 
bottom, and taper¬ 
ing upwards to 
inch at the top, was 
inserted anda wedge 
driven in. The top 
of tho shank was 
famished with a 
ring, to whioh was 
attached the ohain 
connected with the 
cask, theohainbeing 
tight at low water; 
at tho flow of the 
tide, tho stone was 
floated and brought to its destination. The casks employed 
wore strutted inside’ similarly to the spokes of a wheel, and 
strongly hooped round on tho outside. The casks were em¬ 
ployed in pairs in floating tho stones, and two of the shanks wo 
have described, which partook of tho character of a lewis, were 
inserted in ea^ stone; by this ingenious disposition of the 
floating power, the stone was prevented from swerving. This 
arrangement is shown in Fig. 33. 

A very fine pier of modem constmotion exists at Holyhead, 
and protects tiie harbour from the north and west gales. The 
northern pier is upwards of 1,800 yards long, and 270 feet broad 
at the base; the slope toward the sea is 5 to 1; tho breadth at 
the top is 8 feet. The end of the pier stands 47 foot above low- 
water mark, and widens to 164 feet. All the masonry is oon- 
stmeted of granite found in the neighbourhood. • 

Is many ports of the ooast, the sand lies very compact and 
firm when not subjected to the action of tho sea. A duxahle 
Mtd inexpensive plan of raising a breakwater or pier ui>on this 
kind of bottom is to drop a large quantity of rough stones so as 
to form an artifloial rock or biM for the anperstraotnre, in the 
proper direction, and of ample width, upon the ssnd. These 

61 








130 


TEE TEGHMIOAL EDT70AT0B. 


Btoma liak by degrees into the soil, and others following upon 
tbeix top will eventually oause the whole mass to find a solid 
bearing upon the sub-stratam. 0£ oonrse mote material is 
employed than would be the oaso if the pier were erected 
upon a regular base; but as the stones are undressed, and 
no timbot employed, the oost is leas than if piles were made 
use oL 

Plymouth Breakwater is one of the finest works of marine 
engineering upon our coasts. The Sound is a fine sheet of 
water more than three miles wide, and possessing an area of 
about 4,000 acres, with a depth of water equal iu some ports to 
60 feet at low spring-tides. Kothing was wanting, in fact, to 
render this space of water the finest harbour possible, except 
the position of the entrance, which is almost due south, and 
lay exposed to the fury of the south and south-west winda To 
obviate this only defect, after many plans were discussed and 
rejeoted, it was resolved to cany out the plan proposed by 
Bennie, and in 1811 the necessary authority was issued by the 
Government to oommenoe the worka Mr. Bennie’s proposition 
was to form a breakwater across the middle channel by deposit¬ 
ing aqoantii^ of large blocks of rubble into the^ea; 'Ue blocks 
b^ig from two to twelve tons each, were to be allowed to find 
their own base, and in tihis manner the eub-stmetoTO was to be 
raised. He proposed that the breakwater should bo 5,100 feot 
long, the central pewtion, 3,000 feet long, standing due oast and 
west, with a wing at each end 1,050 feot long, inclined inwards 
at an angle of 160°. This was the plan which was oarxiod out. 
IMg. 84 represents a plan of the breakwater. 

Ihe stone employed is principally limestone taken out of 
quarries wUoh were parohsaed from the Duke of Bedford at 
(hreston. Considorable difficulty was experienced in finding 
oontrootors willing to undertake the work, owing to its novelty, 
exoopt at priaea so high that it was determined to eontraot only 
for a portion of the work at a time. The price paid for taking 
ond deporiting the first portion of the mbblo was 2 b. 9d. per 
ton, bnt aftenrards, when the contraotors became more aocus- 
tomed to the work, this was reduced to Is. per ton. The 
manner in which the stone was transported from the quarries 
to the breakwater was as follows:—^Vessels of about 60 tons 
burden were employed having two lines of rails laid along them, 
parallel to each other, the ends near the stem being raised on 
on inoUned plane to prevent the trucks from running too for. 
The bloeks of stone were placed upon tmoks whioh were then 
run upon the parallel lines of roil. After the vessel arrived at 
its destinaiion, Ihe tmoks were discharged by tilring them up 
by means of windlasses fixed to the deok. The stone was 
deposited direot into the sea from tiio tracks. Steam-tugs were 
employed to tow idie vosaels in order to economise time. At 
every thirty feet idong the intended lino of the breakwater, 
buoys were Iiud down, to which the laden vessels were attached 
whilst disoharging their cargo. A oaroful account of the 
quantity deposited, and the level to whioh it rose, was kept, so 
that the aotual state of the work was known at aB times. 

The prooeaa of depositing the rabble proceeded almost nn« 
interruptedly tor two yean, when portions of the work b^^ to 
be visible at low water, and very shortly after, a oontinuons line 
of about 720 yards appeared. The good offec^ of this ridge 
soon began to be manifest, and long before the breakwater 
assumed its ultimate dimonsiona it was found of the greatest 
servieo in sheltering vessels from the south-westerly gales. 
The Emi)eror Napoleon I., who entered the harbour on board 
the Btlleropkoti during the progress of iho work, was greatly 
straok with its utility. 

nw atone was raisod in large bloeks, many wrighing fully ten 
tons, and in depositing them care was taken that the greater 
number were deposited upon the outer dope. After the larger 
stones had been lowered to form a base, a smaller class of 
atonesj rabbiah from the quarry, and lime screenings were 
thrown in. These effectually’filled up G>e cavities and inter¬ 
stices, and the whole finding their position I7 the notion of the 
sea, the mass aa it advanced became wodgM together. The 
ot^r alope, whioh is abont 5 to 1 vertiod, waa foriued by the 
sea during a storm in 1824. Previous to this storm only the 
lower poition was laid down with thk dope, the npper part, 
oontraiy to the engineer’a wishes, having been carried np with 
a taln^ of 3 to 1 rarttoaL The effect of the storm, however, 
iaUy pnred the eomotam ot Mr, Bennie’a views, and oonse- 
gaaalJiy the seaward ahv* nemaiM at 5 to 1 to the present day. 


As soon as sufficient time had daitsad to enable the lowm- 
portion of the work to become oonsolidated, the seaward dope 
down to the foreshore was cased with r^lsr oontses of masonry, 
and by the aid of the diving-bdl these ooursee were dowdled, 
joggle^ dovetailed, and cramped together. The three lower 
oonrses were all granite, laid harisontaUy, dovetailed, lewised, 
and bolted together. The mortar employed oonsistod of one 
part of poseuolana, and one of Aberthaw lime, mixed with two 
parts of fino sharp fresh-water sand, the whole being well 
worked together in a mill, with as little water as possible. 
This anhydrous mortar set very quiokly when used, Boman 
oement was employed for the outer joints, and for some distauoe 
within. 

Towards the end of 1815, 615,000 tons of stone had been 
deposited, suffioient to raise 1,100 yards of the work above low 
spring-tides. Mr. Bennie's first intention was to raise the 
breakwater 10 feet above this point, bnt when the piaotioar 
utility of the work became so evident, it was resolved to raise 
the whole stracturo 10 feet higher. The finishing of the work 
between the Unas of high and low water required extreme care, 
and involved more expensive work, os it is known that the 
waves exercise their greatest force between these parallels. 
The work, however, proceeded with great speed, on some days 
as much as 1,000 tons and upwards being deposited; and by the 
end of 1816, 300 yards of the western portion of the break¬ 
water had been raised to the full height of two feet above 
high water. The work was only fully completed in 1841. 
The slopes ore paved with bloeks of the largest stone, firmly 
united. 

It is computed that 3,369,261 tons of stono were used in the 
oonstraction of the breakwater from 1812 to March, 1841, the 
cost of the whole work being nearly ^1,500,000. Upon a 00m- 
parison between the quantity of etone deposited and the cubical 
contents of the entire mass, it is found that, owing to the em¬ 
ployment of large blocks of stone, the nnfiUod interstices occupy 
about 37 per cent, of the whole. The dimensions of the sootioB, 
shown in Fig. 35, aio as follow:—The exterior slope, below the 
lino of low water, is from 3 to 4 foot horizontal to 1 porpen- 
dionlor; and from the low-water lino upwards, it is 5 to 1. The 
inner slope is 2 horizontal to 1 vortical, from the base to the 
top, which stands 2 foot above high-water spring-tides. The 
width of this portion is 45 feot, the centre forming a ridge 1 
foot higher. Beyond the slope towards the sea is an additional 
foreshore, varying in width from 30 feot at the oast end ot the 
breakwater, to 50 feet in the centre, and 70 feet at the west 
end. This foreshore rises about 5 foot above the level of low 
water, and serves to break the violouoe of the waves before they 
arrive at the principal work beyond. 

The western end of<the breakwater enlarges into a head 390 
feet diameter at low-water level, and diminishes to 75 feet at 
the top. Upon this head is fixed a lighthouse 14 feet diameter, 
built of granite, and divided into floors. The centre of the 
light is 55 feet above the top of the breakwater. The lantern 
is 12 feet diameter, and 7 foot 6 inohos high, ond is fnraished 
with a fixed dioptric light with mirrors, ^e lower oonrses of 
the oolnmn ore secured with slate dowels, placed both vortioally 
and horizontally. The ends of the stono ore also dovetoQed, 
and secured in their places by pings of copper, and by wedges 
driven into the lower stone. 

One of the earliest examples in this eonntry of a breakwater 
formed of pierre perdu, as it is termed by the IVench—^that is, of 
stones deposited in uneven masses—^ia to he seen at Lyme Begis 
npon the Dorsetshire coast. The stones forming this bre^- 
water are so rough and large, and the intorstioes ^tween them 
BO considerable, that the water flows freely in and out; the 
violence of the surge is, however, effectnallyiednoed; and it has 
the advantego, shared by the arohed or open breakmters of the 
ancients, of affording a certain amoont ^ water-way, and thus 
rednoing its resistanoe. 

Wo shall now direct attention to a fine specimen of marine 
engineering—Portland breakwater—^thaa whioh this country 
does not possess a more nsedul work of the kind. It differs 
from nymouth breakwater in not being aa isolated etaoturo, 
being connected at one extremis with tito Isad. 

So long ago as 1794 the natural oonfonuation of Portliuid 
Bay, sad the evident facility with which this natnrel harbour 
might be rendered safe and aooeaailde in aB winds by a jodi- 
cionsfy-plaoed breakwater, attracted looel attention, the idea 
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Itsvinff ftrst itaelf to Hr. Harray. tbe poitniMter of 

Weymoattu In 1812 Alexander Inmb prepared a plan and 
eatiinate for a double breakwater—one behind the othw—which 
ahonld cost £400,000. Ite long^th waa to be one and a-half 
milee, or about the aame as that now aotnally oonatmoted, but 
its position waa propoaed to be further to the south. The subject 
waa acain renewed in 1886, when Bennie waa consulted upon 
-^e matter. StiU it remained in abeyance until 1844, when a 
Boyal Commission, which was appointed to investigate the 
general question as to the advisability of establishing harbours 
of refuge upon the eastern and southern coasts of the kingdom, 
Teoommendod Portland Boada as a suitable looahty for a low- 
water harbour of refuge upon a large scale. 

The position of these roads is singnlar. Bounded upon the 
south by the high land of Portland Island or BiU, it is most 
effectually protected from all winds from the south, and for 
several points to the east of south ; whilst that very remarkable 
natural formation, the Cheeil Bank, completely encloses it on the 
West. The Chesil Bank is an aocumulation of shingle and 
boulders thrown up by the action of ihe tide and the heavy seas 
brought in with a south-west wind, and extends for many miles 
along the Dorset coast to the west of Weymouth; at the latter 
point it curves to the south, terminating in Portland BiU, which 
is by its moans connected with the main land. It is frequently 
altered in sltapo and character by the action of storms, and 
varies in width ; but as a natural buttress it withstands ail the 
violence of wind and sea, and renders the capacious basin upon 
its eastern side almost landlocked, the only exposed point being 
from nearly duo east, an exposure which the object of the 
proposed breakwater was to obviate. 

The plan proposed was to construct a breakwater extending 
in a north-east dixoction for mUes, commencing at a point near 
the north-east corner of tho island. At the distance of a quarter 
nf a mile from the shore, where tho water averaged 42 feet in 
depth, there was to be an opening 50 yards across, to facilitate 
the ingress and ogress of shipping. The area so protected would 
equal 1,200 acres, aud the oost of the work was estimated at 
£500,000. This plan, with other modifications which need not 
bo specified here, was eventually carried out. 

Tho work may be said to have commenced by the depositing 
of the first stone by H.E.H. Prince Albert on the 25th of Jnly, 
1849; tho quarries had, however, been previously opened out, and 
thoneoesBary workshops, offioes, and machines erected and pre¬ 
pared. The breakwater, as it now stands, extends due east from 
its starting-point for 1,800 feet in a oont^uous line of masonry. 
At this point there is a break or opening of a width of 400 feet. 
The stonework then continues in the same direotion for 302 
feet further, and then curves to the north for 1,200 feet, running 
towards Bed CliS Point for about 4,000 feet, where it terminates 
in a head standing in about 60 feet of water at low spring-tides. 
The total length is rather more than 1J miles, and the space 
which intervenes between the Breakwater Head and the pier 
at Weymouth, which is the nearest land on tho north side, is 
about 1} miles. _ 


MUSEUMS : THEIR CONSTRUCTION, 
ARRANGEMENT, AND MANAGEMENT. 

. BT BAHITBI. HIOHLET, F.O.B., ETC. 

IV.—INTEBNATIONAL irtTSBXTMS: CLA8SIITCATION 
OF EXHIBITS. 

sBcnow I. 

Ouss I.—Nattv* Pkodticts. 

1. JUTtnsrdl products, Hetallio, non-motallie, gems uncut 
or in ftiu, mineral tnls, wax, etc .; granites, sandstones, 
limestones, marble, slabasto, etc. 

2. Vcgetalle products. Woods, roots, fruits, grain, hops, 
bark, hemp, flax, cotton bearers, oil, resin, perfume, 
colour ptoduoera, etc. 

3. Animat products. SUn, hair, horn, for, wool, feathers, 
silk, wax, oil, fat, flesh, iwrfmne, oolonr producers, etc. 

(Bepresenting the eoonomio natural history of countries.) 

CilUB n.—nmonD fob OBTxiiraNa Cbudb 

PnoDtrara. 

1. lit mining, quarrying, etc. 

2. In agrioultutul qptmfion*. He. 

8. tnJUMuff, shcQi^, hunting, trapping, He. 


CiABB UL—Afpabatvb Atm Pbocisbxs mutlotzo fob the 

ExT&acTiow AND PKXFAiuTioir OF SusaTAKCBs, vro., 

TTBSB IK MaHTJFACTOMB. 

1. i^om mineral sources. Hetallurgy, chemical salts, 
colouring matters, mineral oils, panABne wax, ozokerit, 
eta. 

2. From vegHahle sources. Potash, soda, and other 
chemical salts; colouring mottm, perfumes, oils, 
tallow, flax, hemp, cotton, sUk, etc.; gums, balsams, 
resins, etc. 

3. From animal sources. Chemical products, jierfumes, 
colouring matters, fats, oil, wax, silk, fearers, wool, 
for, hair, leather dressing, ivory, bone, hem. 

ClABB rV.—SCBBTANCEB USED FOB PoOD. 

1. fifinerot produce. Mineral and aerated waters, etc. 

2. Vegetable and agricultural produce, Plonr, starch, 
sugar, tea, coffee, ohooolate, beer, wines, spirits, 
tobacco, spices, pickles; preserved vegetables, fruits, 
sauces, essences, etc. 

3. Animal produce. Salted, preserved, and potted meats, 
fish, lobsters, oysters, etc., essenoee. 

BECnON II. 

CiASs V.—MrwEBAi, Manbfactdem fob Bbixsings AIH> 
Decobations. 

Stone cutting, mosoniy, tombstones, etc.; mantelpieces, 
alabaster decorations; vases, etc., in various mineral 
Bubstances. 

Class VI.—Gia.sb MAWDFAcrrBXB. 

Window gloss, plain and stained, glass for household use. 
and fancy purposes. 

Class VTI.—Cbbauic MAnrFACTUBES. 

Porcelain, china, earthenware, bricks, cement, etc., for 
building, domostio, chemical, manufacturing, agrricuU 
tural purposes. 

Class Vni.—H abbwaee MANUFAcrtHEs. 

In tin, lead, zinc, pewter, brass, copper, iron, and steel. 

Class TX.—Stbbl, Cutlebt and Edge Tools. 

Class X.— Jewellest. 

Works in preoions metals and stones, and their inutations. 

Class XI.— Mandfactdbes in Flax and Hskf. 

Class XII.— Mandpactubbs in Cotton. 

Class XIII.— Manofactdbes in Silk and Velvet. 

Class XIV.— Manufactdees in Wool, Woestbd, and- 

Mixed Fabrics. 

Class XV.— Mandfactdees in Carpets and Floorcloth. 

Class XVI.— ^Printed and Dyed Fabrics. 

Woven, spun, felted or laid. 

Class XVII. —Lace, Embroidery, Tapebtht. 

Class XVIII.— Manufactures in Hair and Lkatsxs. 

1. Hair cloth, hair felt, hair plumes, hair seating; human, 
hair, wig, etc., makers; workers in hair devices. 

2. leather ornaments, buttons, oases, purses, fancy 
goods, hose buckets. 

3. Leather stainers, dyers, embossers, gilders, enomellen, 
japanners, poliahera. 

Class XEX. —^^rticles of Clothing. 

Hats, caps, bqnnots, head-dressoa, plumes, dresses, cloths, 
shawls, pl^ds, gloves, hosiery, boots, shoes, etc.; in 
all materials including hair, feathers, fur, skins, etc.; 
for men, women, and children. 

Class XX.— Furniture and Dpholbtebt. 

Furniture, upholstery, paper hangings, papier maoh4, and 
general decorations, dressing-cases and toilet articles, 
trnnks and travelling apparatus, oofBns, etc. 

Class XXI. —Paper, Stationery, Pbihtiko, and Book¬ 
binding. 

1. Paper, card, miU-bosads, envelopes, fancy stationery, 
ink, pens, pencUs, eesling-vna, and wafers.^ 

2. Samples ct type-founding, wood type-ontting, electro- 
typing, stereo^ing, etc. 

3. Letter-press, copper, steel, zino plate, lithognyt^o, 
photographio, oarben, graphotype, anMtatia, aBBie, 
and nmnerioal printing. 

4 . Boo kbinding. 

Class xxn.— Educational Afplianck. 

I, Buildingt,fittings,furniture,appUemees. Fisas, models 
td bnildi^ sad yooms, gsUeries, desks, and iidt wells. 
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Bwta, lookers, teecker’s tables, store-oloaetB, blook- 
boaxds, and supports, easels, oases, eto., for maps, 
diairrams, ednoatioiial magio lanterns, siAool olodks, 
eto., for infant, prim^, secondary, Sunday, adult, 
middle class, commercial, olassioal, indnstrial, trade, 
teobnioal, medioal, and art sobools; leoture-rooms, 
mnseuns, libraries, institutes, colleges, universities; 
swimming, riding, fencing, and gymnastic schools. 

3, Bcmitary appUmuses. For sobools, oolites, and insti* 
ttttes ; for beating, lighting, and ventilating, ntinals, 
closets, lavatories, dormitoriee; for bats, olc^s, eto.; 
play, ezerobe, and drill grounds. 

3. Work$ and ttaiiitics on the theory and practice Cff 
teoAmg 4n all departmente of education. Boll-books, 
registen of attondanoe, progress, payments, tabular 
forms for coUeotions, school statistics. Intended for 
the use of masters only. 

4. Appouratue for teaching in infant and children’s schools. 
Appliances for kindor-gorten, for educating eye or 
band. Dolls, doll’s clothing, etc., models of artioles 
of domestic use, furniture, ordinary workman’s tools, 
and other object lessons ; models of animals; diagrams 
of useful plants, and of those to be avoided as 
pobonons; ethnological groups, boxes of letters, num¬ 
bers, abacus frames, ^sected maps and globes, 
piotnre-books, instructive toys and games. 

5. Beading, writing, arithmelie, mensuration. Books, 
tabular lessons, copies, diatoms, measuring instru¬ 
ments, eto., in graduated series, to suit classes. 

6. Geography. Books, chorto, maps, globes, models, 
diagrams, magio lantern slides, nation^ surveys, eto., 
in graduated series, to iUnstrato physioal, political, 
ancient and modem geography, natural phenomena, 
views of important plaoos, their inhabitants, produce, 
manufaotuTOS, exports and imports, eto. 

7. Histary. Books, ohronological chai^, diagrams, magio 
lantern slides, models, etc., to illustrate ancient and 
modem history, historioal events, buildings, deooro- 
tions, maimers and customs, modes of warfare, eto., in 
ohronologioal order, and in relation to the politioal 
geographical divisions of the globe, in graduated series. 

8. Beligious instruction. Books, oateohisms, charts, 
maps, models, pictures, magic lantern slides, to illus¬ 
trate Biblical geography, history, natural history, 
sumners and customs of Eastern l^e; life, teaching, 
miracles, etc., of Josus Christ; creeds of different 
Beets, ete. 

9. Language. Diotionaries, grammars, and works on the 
composition and analysis of eontenoes, philosophy and 
fitructure of languago; courses of rea^g and instrao- 
tion, eto., in ancient and modern languages; tabular 
lessons in parsing, etymology, and logical analysiB, 
in graduated series. 

10. Mathematics. Treatises and exercises on pure and 
applied mathematics, geometrical diagrams; models 
and drawings for elemeDtary lessons on form and 
quantity, eto.; simple and cheap mathdmatiool instra- 
ments; mariner’s oomposaea, sextants, theodolites, 
levelling instraments, etc., for eohool use. 

11. Science. Books, olasaifioations, diagrams, magio lantern 
slides, apparatus, instruments, models, speoimons, 
coUeotions of typical forms and apeoics, etc., to iUos- 
trate school oouraos on astronomy, meteorology, 
meohanios, physios, ohemistry, mineralogy, orystaUo- 

botany, zuologfy, osteology, anatomy, phyaio- 
lo^, mioroscopy, geology; distribntion of plants and 
a nim a ls in time and space; coUecting appUanoes for 
field classes, cabinets, show-oasas, ertc., in graduated 
series, for schools, ooUegos, institutes, eto. 

12. Music. Books, composition, ezeroises,- diagrams, 

tsbu l o r lessons, cheap musical instruments snd appli¬ 
ances for teaching the theory and practiee <A vooal and 
instrumental musia. I 

18. Art. Books, materials, copies, diagrams; magio 
lantern didss of the works of the great masters, 
ancient and modem; modds, oasts, and appliances for 
t emibjn g the theory and ptaotioe of drawing, oolonring, 
i mlntin g, modelling, carving, sonlptnxe. 


14. Domestic and social economy, etc. Books, diagra^, 
magio lantern slides, mod^, etc., for illnstrating 
instmotion— 

7b males and females: Ontke laws of health, and the 
rudiments of domestic medicine, surgery, sad nursing. 

To females: On the seleotion dothing, food, 
cooking utensils, and operations; fumituxe, manage¬ 
ment of household, servants, ohildreu, etc. 

To males; On labour, wages, capital, the condi¬ 
tions of industrial snooeas; moneys, weights, meoenrea 
of tiie principal countries of the world, bookkeeping, 
paper money, bills, interest, disoonnt, banking, invest¬ 
ments, annoities, aasuzanoe, insnranoe; oommeroial 
and flun-Tinial terms, mdiments of commercial and 
domestic law on agreements, leases, rents, bankruptcy, 
settiements, wUls, methods of proceeding in interior 
and snperior courts, juries; instruction in the mdi- 
monts of indastrifd work, carpentry, taming, gardening, 
farming, management of pigs, poultry, horses, eto. 

15. Physical education. Gymnastio apparatus, for indoor 
use and playgrounds ; books and applianoes for drill, 
general, military, naval, for boys, girls, and adults; 
and military and naval exorcises, as single-stiok, 
fenoing, rifie-practioe, riding, swimming. 

Implements for chess, backgammon, archery, skating, 
cricket, foot-baU, croquet, skittles, bowls. 

Booking-horses, hoops, tops, marbles, and other toys. 

16. Appliances for educating the deaf, dumb, and hUnd. 

17. Reeults of leaching. Specimens of writing, plain and 
coloured drawings from maps, copies, models, nature, 
memory, modelling in clay, wax, etc.; nce^ework, 
plain and artistio; industrial work generally. 

18. Professional and special education. Books, speoimons, 
diagrams, magio lantorn slides, instruments, apparatus, 
etc., employed in instmotiug mining, agricultural, 
ohemioal, pharmacoutical, medical, engineering, tech¬ 
nical, military, naval, legal, clerical, and art atadenta, 
at professional sohools and colleges. 

19. libraries. Catalognes and specimens of coUeotions of 
books, etc., oloasified for the libraries of schools, 
colleges, local institations, and societies ; lending and 
travelling libraries, etc. 

C1.ASS XXIII.—Philosophical Insthhhents. 

Mathematical drawing instruments, rules, sooleB, verniers, 
goniometers, dividing and ganging instruments, oal- 
onlating machines, weighing instraments, balances, 
hydrometers, eto.; pyromotors, pressure and vacuum 
gauges, air pumps; barometers, thermometers, and 
other meteorological instraments; surveying instru¬ 
ments, rainmoters, sextants, aooustio apparatns, optical 
glass, prisms, lensss, mirrors, speotaoles, ophthalmo- 
Boopes, heliostats, artificial sources of light, photo¬ 
meters, lighthouse apparatns, m^o lanterns, dissolv¬ 
ing view apparatus and slides, optical demonstrating 
appliances, spootroscopes, diromatic, diffraotion, 
polarising apparatns, etc.; photograpldo apparatus, 
etc., stereoscopes, race and opera glasses, terrestrial, 
nantioal, and astronomical tolesoopes, mioroaoopea, 
thermotio, thermo-electric, electric, voltaic, electro-' 
magnetic, magneto - electric, magnotio apparatus, 
chemical apparatus, eto. 

Class XXIY. —^Mbdioal Afhliahobs. 

1. Surgical instruments and appUances. 

2. Pharmaceutical preparations. 

Class XXV.—Akpabatcs fob SAViNa Lifx akd Pbofbbtt. 

Ambulances, eto.; sanitary appliances; life-boats, rafts, 
flre-eztinigiushers, fire-escapes, fire-engines, sslvsge 
applianoes, life and fire office statistics, etc. 

Class XXVI.—^Hobolooioal Xhbtbhhbhts. 

Watches, olodks, astronomical olodks, etc., and tradoE 
conn ected therewith. 

Class XXVIL—^Mxtsioal iNSTBinnnrTS. 

Accordions, oonoertinas, bag-pipes, seraphinsa, harmoniums, 
organs, tambourines, d^ms, harmonieons, trumpets, 
boms, bugles, flageolets, flutes, oboes, gnitan, h^e, 
violios, violonoelloB, pianofortes, t^mbsls, mnrioal 
beUs, triangleB, miUtazy masiosl instenmenla, musiaal 
boxes, sad other self-aoliing mnaioal instruments. 
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XXVin. — Crm EKaiMsiBiiro, Abohitiotubx, ajxd 
BvihDtsa Affutancbs. 

Cxabb XXIX.— MiiiItabt SNaimgxBXHa, Abus, akd Aooob- 

TBBlCmTS. 

1. Tmt$, camp eqmpage$, 

2. Clotting and aeeoutremenU, with raprsMiitationB of 
the oostumea, ate., of all arma of the army aervioe. 

S. Armour, arms, ordnance, vte. 

Cubs XXX. —Natal Abchitkotitbb and Affliasoxs. 

1. SMp* of war, tackle, rigging. 

2. Arms, ordnance, etc. 

3. OlotMng and accoutrements, withrepreaentationB of the 
ooatomea, etc., of all arms of the datoI aervioe. 

4. BMps of comm^ee, 'barges, boats, rigging, tackle, etc. 
fi. Bteam-ships, boilers, engines, etc. 

Class XXXI.— Locohotitx Afflxamoxs, 

1. By air. Balloons, eto. 

2. By road. Cooohea, carrio^a of all kinda, haxneaa, 
saddlery, and atablo applianooa, Tolocipodea. 

8. Railway and tramway appliances. Bail way plant, 
looomotiTa engines, carriagea, method of signalling, eto. 
Class XXXII. —Mackimxbt and Tools. 

1. Employed in the manufacture of mineral and metallic 
wares and goods. 

2. Employed in spinning, weaving, etc., the manvfaeture 
ef wood, etc. 

3. Employed in the mamtfacture of ivory, hem, etc. 

[Uxdoaa diatribnted in oonneotion with the apeoial 
manufsMitnreB for which they are employed.] 

4. Machinery in general. 

B. Machinery in motion, 

SXCTIOK ni. —FINK ABTS. 

Class XXXIII.—^PAiNTiNas in oil, water oolonrs, distemper 
wax, enamel, on glaas, porcelain. 

Class XXXIV.— Sculftubx.—M odelling, carving, and chasing 
in marble, stone, wood, terra ootf», metal, iToty, glass, 
shell, preciona atones, and other materials. 

Class XXXY. — Bnobatino, Etchino, LiTHoaBAFBT, 
Photoobaphy, xtc. 

Class XXXVI. — ABCHixxcnrBAL Dxsiomb, Dbawinos, 
Models, etc. 

Class XXXVII.— ^Abt Dzsiobb fob MANtrFACTtTBXs. 

1. For all kinds of decorative manafootarea. 

2. Tapestries, carpets, embroideries, shawls, lace, fans, 
etc., shown for tho fine art of their design in form or 
rolonr, and not os manufactures. 

Class XXXVIII. —Bbfboductiok of Wobks of Abt. 

Copies of ancient or mediasval pieturee, mosaios, enamels, 
of ancient works of art, eto., in plaster, fictile, ivory, 
electrotype, eto. 

The above dasaifioation is founded on that drawn up by 
H.M. Conunisskinera for the International Exhibition of 1862, 
but is modified so as to bring ooitain groups of an allied 
ohaiaoter into oloaer coimeotion than was therein arranged, 
with the object of facilitating their study by visitors having a 
common interest in two or more bronohes of inter>related 
•mannfactnres, while other groups of modem origin are more 
fully elaborated as to their det^s, where their scope is not 
folly oomprehended by the public at large. Thus the literary, 
edncationsl, philosophical, surgioul, pharmaoentiaBl, sanitary, 
and life and property preserving appliances are here arrang^ 
in snooeeding classes, instead of being widely separated, as in 
the grouping of trades and manufactures in 1862. The neoes> 
■orily nnmerona subdivisiona of the educational department, 
contributed to by so many trades and mannfaotnrea, are here 
fully daborated as a suggestion for tho future, when it is to be 
hoped the respeotivo gronpa of this class may be contributed to 
by all nations, and the coUeotion displayed in one gaUery. Aa 
mtemationol exofaan^ of ideas on the methods and appliances 
for teaching in all departments of knowledge, under go-ed organi- 
wtion, would prove of great mine, when our sohool boards ore 
”>*<niaeing sohemes as to what to teadh and how to teooh. 
Under the thirty>eight classes specified in the above cla8Bifioa< 
tion about 300 trades should find a place, the greater number 
of which ore enumerated in alphabetical 0]der in H.M. Commis- 
si^oners* lost, published in the Satiety of Arte Joumal, VoL DL, 
No. 468, August 80,1861 
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xxy.-CHABisa babbaob, f.b.b. 

BT JOBB TIKBS. 

^teis eelehrated mathematician and meehsiiiiaiaa, one of ths 
most active and original of original thinkers, and whose name 
has been known through the length and breadth of the king* 
dom for nearfy half a centuiy, was bom on the 26tb of Deeem* 
her, 1792. Hia father. Hr. Iknjamin Babbage, of Totnee, in 
Devonshire, come to London, and became a partner in the 
ba nkin g-honse of Messrs. Fraed, Maokworth, and Babbage. 
Little is known of Charles Babbage’s early life; but it is stated 
that he was ao weak in body and mind, that it waa not oon- 
oidered worth while to tend Um to school, and he was left to 
ramble about the fields and oommona; and it has been snggeated 
that the rambUnge of the child may have prepared tiie fonn^ 
tion for those habita of thought which formed the mathe¬ 
matician, while his early weakness may aooonnt for his irritabi* 
lity. On getting stronger, he was oduoated at the Totnea 
Grammar Sohool, and then cent to the private sohool of the 
Bev. Stephen Frmmon, of Forty Hill, near Enfield, from whom 
young Babbage imbibed an intense love of mathematics, and 
where he had for schoolfellows the late Captain Manyat, the 
novelist, and Mr. William Carr, of Brighton, who still (1871) 
eurvives. 

At the usual age Mr. Babbage was entered at the Univetaity 
of Cambridge, and hia name appears in the list of those who 
took their bat^elor's degree from Peterhouse in the year 181A 
It does not, however, figure in the Mathematiaal Tripos, he 
preferring to be Captain of the Poll to any honour tot tho 
Senior Wranglership, of which ho knew Hereobel to he sure. 
While, however, at Cambridge, he was distinguished by his 
efforts, in oonjanotion with Sir John Herschel and Dean Peacock, 
to introduce into that University, end thereby among the soien- 
tifio men of th^conntry in general, a knowledge of the refined 
analytic metlj^^^f mathematiosl reaaoning which had so loi^r 
prevailed on tiio continent, whereas we in our insular position, 
for the most part, were content with what has been s^led '* the 
erampod domain of the ancient synthesis." Keeping Ai« object 
steadily in view, in tho first place the youtifful triumvirate 
translated and edfited tho smaller treatise on the " Calcnhu " by 
Lacroix, with notes of their own, and an appendix (mainly, if 
not wtu^, from the pen of Sir John Herschel) upon “ Finite 
Differences." They next published a selection of ibe exercisee 
on all parts of the *' Infinitesimal Calculus," a volume which is 
still of great lervioe to the mathematical student, in spite of 
more recent works with a similar aim. To this publication lb. 
Babbage contributed an independent essay on a snbjeot at that 
time quite new, the solntion of “ Funotional Equations." 

In 1828, lb. Babbage was placed in Newton’s ohair as 
Lnoasian P^fessor of Mathematioa in hia University, and he 
held that ohair eleven years, but, it is believed, never lootnred. 
He soon afterwards produced his " Tables of Logarithms," upon 
the preparation of whioh ho bestowed the highest care. In 
order to diminudi the fatigue of constantly picking out figures 
bom black and white pages, he experimented upon tinted papers, 
and ibsir effects ,npon the sye, the result being tiiat his 
logarithms were pariially prints upon green ond fawn-oolonred 
sheets. Those logarithms wore used in the caloulations of tiie 
whole of tho Trigonometrical Survey of Ireland, and in those of 
the English Survey from the pmod of their pnUiaation; they 
were also printed for foreign oironlation. 

In the year 1832 Mr. Babbage published his very popular 
work, “The Economy of Machinery and Manafaotnres," whioh 
presents a series of snmmarisations rarely approached. It 
originated in ten years* visits made to workshops and factories, 
in England and on the Continent, for the purpose of endeavour¬ 
ing to make, himself acquainted with the vationa resources of 
mechanioal art, when he was insensibly led to apply to than 
principles of generaliaatioii which regi^te tho appUoation of 
machinery to arts and manufactures, as most important qi^er 
for understanding the action of machines, or enab^g the 
memory to classify smd arrange the facts connooted with their 
employment. Or a still more lucid explanation of the object of 
the vtfinme is—" to point out the effects and advantages whioh 
arise from the use of tools and machineiy, to ondeavonr to 
olaaiify their modea-.ot action, and to trace both the eanses and 
the oonaequenoea of applying mac hin ery to aupexaede the skill 
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and power of the hnmas arm.” Sonetimea this talent of Hr. 
Babbage exhibited itself in unexpected directione. Tbns, a 
writer in the AlhenuBum states“ We have heard an eminent 
artist refer to an exposition of the principles of imitation in 
portrait painting, whioh Mr. Babbage addi^sed to him in the 
shape of a letter, and whioh onr informant regards as the best 
essay on that branch of art which has erer come nndor his 
notloe." This is, indeed, a charming work, and well do we 
remember leviewing it, nearly forty years since, and being 
atimigly impressed with the talont and taste whioh made it “ as 
enterWning as a fairy tale.’* It was translated into French, 
Qennan, Italian, Spanish, and Bnssian. Four years later, Mr. 
Babbage wrote " The Ninth Bridgewater Treatise,” a work 
designed by him at once to rofuto the opinion supposed to be 
iiuhed and enoonraged in the first Tolnme of the “ Bridgewater 
Smes,” that an ardent devotion to mathomatioal studios is 
unfavourable to areal religious faith, and also to give spooimons 
of the defensive aid whioh the evidence of Christianity may 
tecaive from the soionoe of numbers, if studied in a proper 
spirit. This is one of tbo bosl known of Mr. Babbage’s works 
for its important social bearings. 

The “Decline of Soienoo,” whioh Mr. Babbago published 
previona to the above work, was received in a different spirit; 
its statements were freely oontrovorted, especially in a clever 
pamphlot pnblishod in 1831, and entitled “On the Alleged 
DeoUno of Soience in England," by a foreigner, with a prefatory 
note by Faraday. The pamphlet oontoins but thirty-two pages, 
yet it disposes of the writer's argument in a oompasa rarely 
recognisable in controversies. The reader will find tbo question 
of tbo comparative national onoonragemeut of soienoo in Eng¬ 
land and in France, in a long quotation from Mr. Babbage’a 
work, in the “Arcana of Boienoe and Art,” 1831, pp. 62—66. 
The same opinion was atiU further worked out by Mr. Babbage 
in a book on the Great Exhibition of 1851, whioh he pubUshed 
twenty years ago. He wrote also an antobiographioal memoir, 
«ntitl^ “ Fasaagea in the lofo of a Philosopher.” Altogether, 
with a wonderfid grasp of mind, ho wrote nearly eighty papers 
f«t different learnt sooioties and soientifio periodioals. 

Wo now approach Mr. BaUuige’s crowning scientific effort, 
the invention and partial oonstractionof the famous oalonlating 
machine or engine, with whioh his name has long been associated, 
and will go down to posterity. Machines for performing arith¬ 
metical oBlonlationa were common before computations by the 
pen. The Boman otaeus woa the oldest instrument of this 
load; it was employed in the south of Europe till the end of 
the ^teanth oontoy, and in England to a later period. It oon- 
sioted of oountera, movable in parallel grooves, or on parallel 
wires, in a frame, and having the different denominations, as 
the units, tens, hundreds, etc., according to the grooves in which 
tbay were placed. In China, where the system is decimal, 
this instrument, called Schwampan, is used with great rapidity; 
and from the Chineae merotumts, at the great fair of Novo- 
gorod, the Mnsoovites first learnt the use of the abacus, since it 
is at the present day tbs common mode of reckoning in the 
abopa of Moscow. IRiis is the simplest form of caloalating 
mftolii&o. * 

Pascal, when acaroaly nineteen years of age, constmoted a 
maohlne for executing the ordinary operations t/l arithmetic; and 
of this ho executed more than fifty models in rvory, ebony, 
and copper, before he completed it. But he experience 
the naml neglect of oultivators of scienoa; “the French 
monarch had, indeed, given him the exdnBivo privilege of his 
invantion, the right of expending his time, his money, and his 
health, in perfecting a machine for the benefit of Fkanoo and 
the world; but like a British patent bearing the groat seal of 
England, it waa not worth the wax which the royal insignia so 
ne^eaal^ adorned.” (North BriUeik Beview, No. 2.) 

AMOal’a madilne had a resemblance, though faint, to that 
invented by Mr. Babbage. It was an assemblage of wheels and 
cylinders; on the convex surfaces of the latter were the numbers 
fw pirfonning the operations, as the addition and subtraction 
of Bums of mimey, faaviiq)’ the denominations of lines, sons, and 
dealers, for whioh msy be snbstitntod pounds, diiliings, and 
peaoe; and to these denominationa the numbers were adapted | 
attadied to the aides of the oylindera were toothed wheels, 
which were turned by pointers j the additions being performed 

means of the numbers in the lower series of the numbers on 
the oyBadera, and the subtractions by means of the nambeia in 


the upper series on the cylinders. Pascal’s machine excited a 
oonsiderable sensation throughont Enropo, and six eminent men 
of soienoe devoted all their mathematical and moohanical skill to 
improve Pascal’s machine, but without snoaess. In the oxcoUent 
article on “ Calculating Machines ” in the “ Fenny Oyolopesdia 
Supplement,” it is remarked, “Where many sums of money are 
to be added together, some time may be saved by the use of 
snob a machine j but the processes for subtraotion, multiplica¬ 
tion, and division would be more tedious, and perhaps more 
liable to error than those which are performed by the pen.” 
Subsequently to the time of Pascal, Leibnits invented a machine 
whioh is believed to have surpassed Pascal’s both in ingenuity 
and power; but be left no detailed account of its complicatod 
mechanism, and perhaps all that is kUbwn of it is, that by 
wheel-work the operations of mnltiplioation and division could 
bo performed without the sucoessivo additions or subtractiona 
whioh would be required if Pascal’s machine wore used. 

The possibility of constructing a piece of mechanism capable 
of performing certain operations on nnmbors we have shown to 
bo by no means new; bnt never before or since has any 
scheme so gigantic as that of Mr. Babbago been anywhoro 
imaginod. 'Vi^lc all previons contrivanoes performcil only 
particular arithmetical operations under a sort of co-partnership 
between the man and the machine, in which the latter played a 
very humble part, the invention of Mr. BabV)age actually substi- 
tutoB mechanism in the place of man; and if carried on to tbo 
extent proposed, would constitute one of the most superb 
monuments of hnman ingenuity. It calculates astronomical, 
logarithmic, and navigation tables, os well as tables of tbo 
powers and products of numbers. It can integrate, too, innu¬ 
merable equations of finite differences; and, in addition, “it 
does its work cheaply and quickly, it corrects whatever errors 
aro accidentally committed, and it prints all its calculations! ” 
(North British Bcoteio, No. 2.) It was intended not only to 
perform arithmetical operations with absolute certainty, bnt 
also to transfer the results immediatoly to copper plates, from 
whioh any number of copies may be printed without a possi¬ 
bility of error. 

This grand invention of the age was first mentioned in a letter 
from Mr. Babbago to Sir Humphry Davy, dated July 3, 1822, 
in which he describes a small model of his engine for calculating 
differences (henco Mr. Babbage prefers to call it a “ difference 
engine ”), which produced figures at the rate of forty-four a 
minute, and performed with rapidity and precision all those 
coloalationa for whioh it is designedand Sir H. Davy wit¬ 
nessed and expressed his admiration of the engine. Tlie letter 
was sent to the Treasury, and submitted to the Boyal Society, 
when upon the rooommoudation of a committee, Mr. Babbage, at 
the desire of the Oovemment, undertook, in 1823, to superintend 
the construction of snob an engine. Ho bestowed his whole 
time upon the subject for many years, daring which about 
^17,000 had been expended by the Government in the constmo- 
tion of tho difference engine. A oonsidoiable port of this sum 
had been advanood by Mr. Babbage for tho payment of the 
workmen, and was, of oourae, repaid; but it was never contem¬ 
plated by either party that any portion of ibis sum should be 
appropriated to Mr.l^bboge faiiMelf,nordid ho receive a single 
shilling of the money, in any shape, for his invention, bis time, 
or his servioos; a f^ whioh Sir Bobert Peel admitted to the 
Honse of Commons in March, 1843. 

“ Early in the year 1833, a small portion of the mabbine,” 
Mr. Babbage tolls ns, in the “Ninth Bridgewater Treatise,” 
“ was put together, and it performed its work with aU tiie pre¬ 
cision whidh had been antioipated.” In the previons year, Sir 
David Brewster, in bis “Natural Magic,” had borne testimony 
to the working of the engine in these words:—“ Great as the 
power of zuechanism is known to bo, yet we venture to say that 
many of the most intelligant of onr readera will sooroely admit 
it to be possible that es^nomioal and navigation tables oan be 
aoenrately oompnted by maebinery; that the maohine may 
itself oonwt the errors vhiifii it may oommit; and that tiio 
resnlts iff its oalonlations, when absblntely free from error, oan 
be printed off, without the aid of human brads, or the operation 
ot hnmsu inteUigenoe. All this, however, Mr. Babbage's 
maridne oan do, and as I have had the advantage of seeing it 
actually oslonl^, and of studying its oonstmotion with Me. 
Babbage himself, I am able to make the above statement on 
pmonol bbservation. . . , The greater part ot the ealenlating 
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nuoliuiety ia idrea^ly oonatmoted, and eshibiis workmanship of 
such eztraordinSd 7 skill and beauty that nothing approaching 
to it has been witoessed. In order to exeoute it, imrticnlarly 
those parts of the apparatus which are dissimilar to any used in 
ordinary mechanic^ oonstmctiona, tools, and machinety of 
great expense and complexity hare been invented and con¬ 
structed, with aontriTanoes of singular ingenuity. The draw¬ 
ings of this machinery, which form a largo part of the work, and 
OB which all the con^Tanoes had boon bestowed, and all the 
alterations made, cover upma/rds o/400 square feet of surface” 

Sir David Brewster, conclnding with some obsorvations upon 
that class of individuals who envy all great men, and envy all 
great inventions,” averred that Mr. Babbage’s invention was 
not new, reminding them that “ its fnnetion, in contradistinc¬ 
tion to that of all other contrivances for calculating, is to 
embody in machinery the method of differenoos, which has 
never before been done ; and the effects which it is capable of 
producing, and the works which in the course of a few years we 
exi>ect to see it execute, will place it at an infinite distance from 
all other efforts of mechanical genius.” We may here note that 
a popular account of Mr. Babbage’s engine will bo found in his 
interesting volume ” On the Kconomy of Machinery and Manu- 
factoree,” to which we have already referred. 

Early in 1833, the construction of tho difference ongpne was 
suspended, on account of some dissatisfaction with tho work¬ 
men. Some twelve months after this, about October, 1834, 
writes Mr. Babbage, “ I oommenced tho design of another 
and far more powerful engine. Many of tho oontrivanoes 
uocessury for its porformaneo have boon discussed and drawn 
according to various principles, and all have been invented in 
more than one form. I ooneidor them even in their present 
state [April, 1837] oa susceptible of practical executioD, but 
time, thought, and expense probably improve them. The 
now engine wM oalculate the numerical vsJne of any algebraic 
function; titat, at any period previously fixed upon, or contin¬ 
gent on certain events, it wi]! cease to tabulate that algebraic 
function, and commence the calculation of a different one, and 
that those changes may be repeated to any extent. The former- 
on^o would employ 120 figures in its oalcnlations; the preseat 
is intonded to compute with abont 4,000.” 

’Ihe analytical engine, as this new machine was called, could 
not exist without inventing for it a method of meohonioal ad^- 
tion possessed of the utmost simplioity. In fact, it was not 
until twenty different modes for i>erforming the operation of 
addition had been designed and drawn, that the neoesuoy 
degree of simplicity required for tho analytical engine was 
ultimately attained. These new views aoqnired additional im¬ 
portance from their bearings on the difference engine, alrea^ 
partly executed for the Oovemment, for if such sbnplifications 
should be disoovorod, it might happen that the analytical 
engine would execute with greater rapidity the oalefnlations for 
wMoh the differeuoe engine was intended; or that the difiterenoe 
engine would itself be superseded by a far simpler mode of 
oonstruotion; and these views wore Bubseqaently completely 
realised. To have resumed the oonstmetion of the difference 
engine while these new views wore withheld from the Qovem- 
ment, would have been improper; yet the state of uncertainty 
in which these new views wore involved, rendered any written 
oommnnioation respecting their probable bearing on that engine 
« matter of very great difficulty. I 

From the year 1833 to tho close of 1842, Mr. Babbage ro- 
|>eatedly applied to the Government for its decision upon tho 
sabjeot. ^ese applications were unavailing. Years of delay 
and anxiety follow^ each other, impairing those energies whidh 
vror^ now directed to the invention of the analytit^ engine. 
Amid sndh distractions, the inventor steadily pursued his sii^lo 
pnrpoee. The drawings and the notations were freely shown, 
and tiie great analytioal engine was explained and disonsaed 
by some of the first philosophers of tho day. Copies of the 
dngEaviagB were sent to the Bbrsriea of several public institn- 
tioBB. Thronghont the whole of these labours, ndtber science, 
the iastitntions, nor 'the Government of the oonntry, ever 
afforded the inventor the' eligbteet enoonragement 1 'When 
the invention was noticed in the Honse of Commons, one single 
voioe Uone was raised in Its favour. One night, when Mr. 
Wakley inquired of tiie Minister when it was likefy the caloti- 
lating machine would be completed, be was jooulailj^ reo0m> 
asended to set the engine to calculate! During upwards of 


twenty years, Mr. Babbage maintained in his own honse in 
Dorset Street, and at his own expense, an establishment for 
aiding him in carrying ont his views, and in making experi¬ 
ments, which mo st materially assisted in improving the differ- 
enoo engine. When that work was sospended, he still oontinned 
his own inquiries, and having discovered p^oiples of far 
wider extent, ho ultimately embodied tiiem in the analytioal 
engine. The establishment necessary fra tho actnal oonstruotion 
of the difference engine, and of tho extensive drawings which it 
demanded, as well as for the formation of tools to overcome tho 
novel diffionlties of the case, and tho drawings and notations of 
the analytioal engine, gave ocenpation to a considerable xnunber 
of workmen of the greatest skill during many years. To render 
tho drawings of the difference engine intelligible, Mr. Babbage 
had invented a compact and comprehensive language (the 
meohanical notation) by which every contemporaneous or suo* 
oosaive movement of the machine be^me known. 


PRACTICAL APPLICATION OF THE FINE 
ARTS.—VII. 

THE ABT OF GLASS FAIimNO. 

By P. H. Dxlxhottx, PrefMSor of Dnwing, King’s College, London. 
Wx now give two more illnstrations of tho way in which figures 
may be treated. In tho one we have the head, in the other the 
figure. As will be perceived at onoe, the head in this case is 
more fully elaborated than in onr last, and an amount of aocea- 
sray and consequently of leading is introdnoed. We have here, 
too, a male head, that of an ecclesiastic; consequently a deeper 
tone of glass may be employed than would be befitting a female, 
especially a femMo of a rather delicate style of beanty; but tho 
tone will not bo so deep as it it were intended to represent an 
older or less refined stylo of faoo. Much depends upon the 
ohoioe of appropriate gloss, whether of tone, tint, or texture. 
Tone, to a great extent, depends upon the position in the general 
design; if ibo subject bo a large one, upon tho amount of shade 
or prominence to bo given to the individual figure ; for, os in tho 
old tale, it is not only neoessaiy to paint each individual grape 
aright, but the whole bunch must be arranged and ton^. 
Tint must have roferenoe to contrast with snrronnding subjects, 
to tho age and character of the x)er8on to be portrayed, and the 
variotu colours to be brought ont by shade and stain. Textnro, 
too, sl^onld have some connection with the stylo of boanty, bnt 
this siuBt also bo reckoned according to tho position tho window 
ia to occupy, whether only slightiy above tho level of tho 
spectator or at some oonsiderable height. 

Wo have, in our second paper, alladod to this oonsideratien of 
position and adaptation to tho intended site, bnt wo cannot 
impress too strongly on the mind of the designer that the 
probable and eommonest position of tho spectator mnst bo 
carefully provided fra. We know that in theatrical scenes the 
perspective is sc arranged as to afford a perfect illnBion when 
seen from the centre of the honse, bat that if viewed from 
either side everything is more or less ont of proportion and out 
of joint. With a window placed at a great height it must be 
the same. If. a person on the floor, say, of a ohuxdh, has to 
crane his neck up ^ an angle of C0° or more, the tinea which 
to his eye wonld form a handsome and impressive oonntenanoe, 
would appear repulsive and ridiculons from the olerestoiy on 
the opposite side of nave or transept. These things mart be 
considered, and when a satisfactory design has been aooomplished 
it must be put out of drawing in order to gpve the pnrpos^ im¬ 
pression fiiom a different stond-poini. This may be done by 
oalonlation, by increasing all the perpondionlar lines in a certain 
ratio, whilrt keeping the horixontal measurements the same; or 
it may bo accomplished by flxing a point at a certain height 
above 'the flat table on which tiie drawing is to be made, 
suspending tbe original design Opposite to this, and copying as 
fairly as possible the effeot reqni^ upon tho snrfooe inclln^ 
at the required angle to the It sbonld be remembered in 
the former method, however, that the upper ports of thetfleoign 
have to be exaggerated rathra more than tho lower. 

This alteration of drawing will be fonnd very advantageons 
in one respect, and that is, that long, narrow windows, or li^ta, 
so oommon in Gothic hnlldinga, can, when placed at a height, 
be a^e available for des^rns which otherwise wonld bo quite 
Tuunitable fra them. 
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Onx gbm being ohoeen, and the deeigB brought into the 
required ehape, let ue now prooeed to the aotual pointing. The 
ontUne, u before, oon be traced, ond ia this part of the work 
the bold, vigoroua work of the dronghtamaa, who feela sure of 
every lixie, ia eaaily diatingniahed from that of the mere oopyiat 
&(Hn the deaign of another. It ia in thia vigorona treatment of 
the drawing that oftentimea the amatenr glm painter, if he be 
really an artiat, and certain of hia powers of delineating w^t 
be intenda, ao far ezoela the mere meohanical manufacturing 
workman, who ia for mote aUUed in the teohnioaUties of hia 
The workman, therefore, who would compete for honour 
and fame in the prance of thia art, muat really atudy fine art; 
he meat cultivate hia bwte, and educate hia hand and eye by 


lighta when the oxide ia dry; then the decided chalk buea are re* 
preaented by hatching linea, made with the long flexible bmah ^ 
and finally, even tiie high lighta may be alight^ imitated by 
grinding away in aome caaea the aurfaoe of the glaaa, or by the 
uae of B«d. 

The ahading being fairly aooompliahed, the atain may be put 
in, and in thia again there ia room and neoeeaity for much judg¬ 
ment. It will not do that all the hair ahould be of the aame 
hue, and however enticing the colour may be, it will not alwaya 
be aoitable that the female figmrea ahould be all alike endow^ 
with the &ahionable hue of the day. Judgment, exi)erienOT, wd 
a knowledge of the reaulta of variona oombinationa alone will give 
what ia requiaiie to canae an agreeable variety. 



iHg. 12. —FiQUBx wiTHOtrr a exad holding a book. 


t/ngy meana within hia reach; and he will not find that the 
time apent in the art-aohool at oonacientioua work, with pencil 
or crayon, will be thrown away, even from a pecuniary point of 
view. 

The outline being fixed in, an amount of atippled ahading 
must be laid on doiro the aide of the face and neck, but thia 
muat be kept light, ao that afterwarda another ooating of shade 
may be added, which ahall partake eomething move of the 
character of the linea by which thia ahading ia repreaented in 
our wood^mt. The great object is to keep up the transpazenoy 
of thoiglaaB, and t^ is done partially in the atippUng, by the 
interarioea light which penetrate where the bm^ toupee the 
glaa^ but it ia atill bettm acoompUsbed by orcaa-hatohing of 
Unas. In fact, the ahading of glaaa very cloaely reaemblea ihe 
oorreq»<mding work in a good chalk drawing. Firat, the 
atipil^^ aaaweta to the rubbing in of ahade with the atump, 
atn^ tike it, oan he modified to a certain extent by rubbing out 


The gema upon the biahop’a mitre (Fig. 13) have been repre¬ 
aented aometimes by the sedition of knoba of oolonxed glaaa 
atiaohed to ^e auifaoe of the glaaa. Thia praotioe, however, ia 
not oommon, nor is it always deairable. !^ere ia oonaiderable 
doubt whether the additiona will alwaya adhere anffioiently to 
last ae long aa the window enduree, and even if there were no 
other objection, the procesa partakes too mndh of the nature of 
a trick of art to be altogether pleasing. 

Our other illuatration (Fig. 12), taken from the arnging men in 
Cologne Cathedral, ahowa ^e one point in which Ike Germans 
exoel, ease of posture and careful and good drawing. The hands 
are natural and unezaggetated, the*b^ lies open for use, and 
the drapery falls in maaaive and intelligible folds. There ia no 
straining after ^eet, and the anoeeaB leaves one in a comfort¬ 
able frame of mind, neither anxious to discover Ike answer to 
unsolved enigmas, nor elated at the disooveiy of ideas iiqplied 
hat not developed. 
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SOLDIERING.—II. 

BT A STAFF OFFIOBB, 

OBIXCT OP WAB—MOBAL FOBCK—BT8TXK8 OP BBCEUITING 
ABKIBB. 

In ffen<ly in g , then, the prooeeB by whieh aa amy is organised, 
it will be neoesBory to keep retf clearly in piew the doable 
porpoae of porfeotiug the material atractare, and of infoaing into 
it the spirit which is both to xender it powerful, and to plaoe 
it perfectly in the hands of Um who rales it. The one purpose 
ia in fact to develop matwrMd, the otiher dIhat which for wont of 
a better name wo ore ob%ed to call “ moral force.” 

Greatly as modern wars ore always affected by constantly 
progressiye material .improyemonts, and important as it is 
therefore to inquire with reference to any army to what extent 
preparatiou baii been made in its organisation for taking full 
advantage of these, neyertholess it will be neoessory for us to 
consider even store carefully to what extent the moral force 
liM been developed. For, in the first place, the development 
of that force is the more difficult part of the problem, and, in 
the second, the difforenoe between rite most perfect and the- 
most imperfect development is less easily disoovered till it is 
too late. 

Wo may cite the universal experience of history to prove tiiat 
ultimately saooess depends on fhe extent to whiob the power of 
the amiss for fighting has been broken on one side or the 
other, ^e numerioal diffetenoe between the lists of killedP 
and wounded of the victors and vanquished is usually very 
slight. Very frequently the viotors have up to the moment of 
eumplete tiotory suffer^ most. In what then has the great 
loss of power sustained by the vanquished consisted ? In the 
capacity for cohesion for united, oontinuous, and effective 
action. Now this capacity constitutes no small part of that 
which we mean by mor^ force. All this is equally true 
in the detail of fighting; for the best evidence appears to 
show that the accounts of large bodies of men whose material 
opposition has obntinued up to the last moment when it was 
possiblo to offer it ate very nearly all fables. Long before 
men actually run they have under the riroamstanoes of fight 
become so “demoralised” as to cease to fire with effect. 
Now to quote from a pamphlet which, os it was used in the 
instmotion of the offioets of the victors in the late gigaatio 
struggle up to the moment when they were entering upon it, 
and niter they hod rooently won a campaign, their saoeess in 
whieh Europe was inolinod to attribute chiefly to the meohani- 
cal improvements which ihqy had adopted, may bo eited as 
proof iiiat what wo are urging is not based on any sentimental 
affection for the mere term “ moral force,” but on practical 
dednotion from tbo actual study of war. “ What, for instance, 
is the good of the best-rifie in the hands of the most practised 
shot if the eye is blinded and the hand trembling with fsoite- 
memtP It is on the moral force of the troops, then, that the 
fate of battles mainly depends; and no taotioal study can be of 
any real value Whiidi 'does not take it into account, or which 
suberdinateB It to mere Questions of form or system.”* 

Nevertheless, the forms and the systems may Very largely 
indeed affect the extent to we can aueoeed in developing 
the “ moral force ” which we reqidxe in our army, and this we 
ahall imme^telyhaveoooasicmtonoteaa weproo^ to examine 
the distinotums between different methods of organisation. In 
the first plaoe, then, sinoe in order to create our army at aU, 
we most have some means of obtaining a rqgular supply of 
men, and since “moral foroe can hardly be created, the 
germs of ft at least must exist in the individnal spldier,’* it 
becomes in the last degree important to omudder. the etiiot 
wbidh difi^mt systems of onUstment are ^Scaiiy to bave.m 
mpplying an jMSBy with these “ germs *' ct mond foroe. ^ 
ia eliw that we much more likely to be nnawaie of the 
inflnenoe which ia thus being prodno^ wfe axe. to be 
nnoonsoions of tiie effect upon il^ Bwnl^ whi^we 
fffitaiiw 

The means by which ocmias have been recruited lurfe diffmii 
•nnewhat in sadh period of histt^, and in saoh 


• ^Aboot Tsetios,'* by CUfWtt'taynHom Ihstraetor m Taatiw at 
tha mcyal War SeheOI, OasM Tmariatsd by CspUin E. U. JonM. 
fiOib Feot» F.B.G1.B. 


period, bat it win be convenient at present to limit the state* 
ment'to thb eystema of the present diay or of reoent wars. Wo 
may inolnde aU systems under the heads of the “ voluntary " 
m^od and the " oompnisoty.” The latter, the “ oompulsoiy,” 
is, however, of two very distinet kinds, whieh may be oos- 
venienlly classed as “ oonsoripUon’* and “universal service;“ 
the farmer, that which has till lately been the system pursued 
in France; the latter, that which has been almost forced on all 
Continental powers by the brilliant sueoees which has attended 
its adoption by Prussia. The priuoiplea on which the volun¬ 
tary and the compulsory systems are severaUy based are, 
the one, that it is best for tbe general good that the sorvioo of 
the State riiould be supplied at the ordinary market rate; the 
other, that every oitixon has a duty which he is bound to per¬ 
form, and from whioh he is on^ to be exonsod on general 
grounds of high State poliqr. The broad disidnotion between 
^e “ universal servioe’' system and that of oonaoription is 
that while the principle on which both are based is carried out 
in tbe one in its integrity, in the other it ia in praotice so 
modified that its essential features disappear. 

Under the system of “ universal service ” as understood in 
Prussia, every one who arrives at the ago at which he is fit to 
enter the military servioe has to present himself to bo medically 
examined for the army. It does not in the least follow that liis 
social position will be violently changed. If he has certain social 
advantages of position ho can retain these, provided ho shows 
that the servioe whidt he is able to render the State is propor¬ 
tionally vatuable. But he must ultimately prove by rigid tests 
that 1^ social position has been so used as to enable him 
to offer more valuable service in war, either as an officer or 
volunteer soldier, than ho could by entering the ranks at once 
as a private. Except for sons who are the solo support of 
widows or of parents unable to support thomaelvos, there is no 
exemption on the ground of personal inconvenience. From 
the number who preeeut themselves, those are solooted who 
from their physique are best qualified for the work required 
of them. Those who after they have been allowed full time 
for development ore not selected for the army, are kept as a 
reserve, and stiffleiently trained to fill up vacancies should their 
services be wanted. Thus though the number actually to be 
taken into the servioe is fixnd for each year, according to what 
is oonsideied necessary to supply the required foroe, the State 
distiectly exoroisos its claim to the service of all, and makes 
its own selection of those who are best suited to fulfil tbo work 
whioh it requires. None are permitted to fly of their own 
ohoioo from the servioe as from a plague. It is only in the last 
resort, when the number of those vriio reach the highest standard 
of efficiency is too great for convenient use, t^t a ballot is 
resorted to wbioh determines whether the man ahall join the 
ersatz reserve or the active army. Not, therefore, to bo passed 
for the service is in some sort a mark of at least physioiil in¬ 
feriority. 

On the other hud, under the late Frencli system, the number 
of the army having boon fixed, the selection of those who were 
to be taken was by ballot. An immense number of speoisl 
exemptions were permitted, moat of them based on oonsidera- 
tions as to the personal oonvSBienoe of the exempted. Hence, 
to be exempted became a privilege, and if that privil^e 
could be obtained by personal deformity, it was then also a 
distinction on wkiob to be oongiatnlated, not a disgrooo whioh 
courtesy would induce others to pass by unnoticed; the 
ballot became eimply a moans of determining who should not 
eseiqM like the more Inoky ones. It seemed natural that if any 
wrae snob vagabonds as to be willing for a oonrideration to 
undertake an unpleasant lot, tiiey should be permitted to do so 
instead of tiioae'who were rich enough to eeeape from it; 
soffietise were formed whieh insured their eubsoribera against 
beiag taken for the army as agaonot any other piece of mis- 
fbrtane. This anungement b^g at a later date abolished, 
ia Oonaequenoo of tim proved inferiariiy in all respects of the 
ssdMttiiiitee provided, money was paid to the govemmont instead 
of the "oompanies by the man who^risked to be exempt; the 
la&fdSJtwaM being, that tiie imperial offioials, not being under 
the SUM -reetraint as the sooietieB, pocketed the money, and 
did not prinddeuBy subs ti t u tes. 

If we take aU these foete into ooneideration, it becomes dear 
eiKMgfa that the differenee in Iks material prepared for the two 
aranes did. not oonsist by any means only in tbe disproportion 
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of nnmberB, bat that tho reapeotive ayatemg tended to produoe 
^rithin the army itialf veiy different feelings as to the duties 
whioh each man owed to tm serrioe to -which he belonged. 

Comparing now these two with the ao-oalled Toluntory 
system, it is extremely important to note the difference which 
exists between names and facts. For ainw one great point is 
to get men who are willing to leom their busineas, surely a 
*• voluntary ” must bo better than a “ compulsory ” system. 
But does a man enlist with a much more hearty love of his 
profession who is driven into it by hunger than by a law whioh 
he finds pressing with eqnal justioo upon all his acquaintances 
high and low P Or supposing again that by a misoonooption of 
the nature of the work you intend afterwards to call upon him 
to do, a man is induced to enter the army, who fancied he was 
going at once to enter upon a very splendid career, and finds 
that he has -to obey orders and sorab tables, -vriU the service 
yon obtain from him bo very willing ? 

Now both these dangers sunoond the oironmstanoes of a 
voluntary serviee. There is constant danger, on the one hand, 
lest tho material with whioh you have to deal should become 
very inferior in consequence of tbe number of men who enter 
your serviee because -their ohoraoters render them unfit for 
other work. On tho other hand, in a country whore those who 
do not intend thomsolvea to havo any connection with the 
army, have no reason -to trouble tbemselvos furtbor about it, 
as all must do whore “universal serviee” prevails, there is 
very apt to bo an almost absolute ignorance prevailing as -to 
what goes on within it. Hence a desire arises, which is sure 
with most of tho classes who cherish it to load to bittor dis¬ 
appointment, that they should be able to enter tho ranks 
ef an army so ordered that it will provide Idiem with on oil 
but cortuiu and splendid career. That the spirit -with which 
this class would infeot the moss is distinctly mischievous 
towards the objects which are most essential in army organi¬ 
sation, wo shall have abundant occasion to note as wo pro¬ 
ceed. “ La carrihre onverto aux talents ” is tho typical cry. 
It essentially reprasouts that disintegrating solfishuesB whioh 
split up the French army; can accurately bo translated into 
English only as “ universal struggle for pl^e;” and is directly 
opposed to that principle with which it is often confounded, that 
the one great object to be secured is that the nation shall bo 
provided with tho best obtainable sorvants, each for their 
speoiol work, and that no personal or class disadvantages shall 
interfere with the seleotien. Tho points, thoroforo, which with 
a voluntary service appears most essential, in order that its 
best features may be f^ly developed, are that the most perfect 
possible means shall be provided for enlightening those who 
have to soloot their profession as -to the nature of the serviee 
-they will adopt if they enter the army; that the conditions shall 
be as attractive as they can be made irrespoetivo of pay, with¬ 
out injuring tho sorvioe itself, in order that the best possible 
blasB of xeoruits may bo obtained; but that the principle shall 
be rigidly enforced, that -Idie good of tho service must in all 
things bo made -the primary consideration, and that those who 
enter must be taught that -they must volunteer to contribute 
their quantum to tho offioienoy of the whole, and that all 
personal considerationB ore to be made subsidiary to that. If 
these conditions are understood beforehand, the principle of 
voluntary serviee has then this immense advantage o-vor the 
oompnlsory, that the same elective process is brought into play 
which exists with other professions, namely, that each man 
^eots the onb for which he believes himself to be tbe most 
fitted, and that ho is subjeot to no slight private criticism in 
the matter by those who know him best. Very great efforts have 
been made of late yean'in England to in-trodnoe those latter 
advantages into onr system. l%o old false plan of publio-honae 
onhstinont by puffing sergeants and high bounties has been 
given up. Plain placards are now printed to riiow what the 
aotnal terms ore on which a soldier enliats, stating in the fairest 
possible manner what prospepts of pay, eto., he has before him. 
Variona means, snob as theoreation of reading-rooms, eto., have 
been devised to give him 4ihe means both 61 amusement 'and 
self-instruction. 

As to the obtaining of the number of men we require, that 
is after all in the main a question of how many yfe d» require, 
and is ons whi<di mtist be answered differently for every oountry. 
Wisely or nnirisely, it has at present been left in England a 
question of purely private speonlatien, and no antiu^tative 


deolanttion has been issued on tbe subjeot, though it is reported 
that a oommi-ttee appointed to investigate the qnestiou has 
recommended that we riionld be always ready to put into tho 
field anywhere a body of abont 60,000 men fxdly equipped, and 
-that we should have available fox home service an effectively 
equipped body of 3S'0,000 men, 200,000 of whom should be able 
to take the field. It is hardly necessary to say that at present 
we have no force of the kind, though in what respect our de¬ 
ficiencies are most pressing -will become clearer as we proceed. 
In any case, at present no oridonco has been forthcoming to 
show that in mere numbers it will bo impossible to satisfy onr 
requirements -without resorting to compulsory sorvioe, though 
there is very considerable danger lest, from not having msdo 
up onr minds clearly as to the force we wish to have available, 
we should be obliged suddenly to increase tbe quantity at £he 
expense of the qii^ty of onr recruits—a process -with which 
wo are all familiar under the smooth sounding tiUo of “ lower¬ 
ing the standard of enlistment; ’* that is to say, admitting un¬ 
formed, weakly men, bocanso we cannot get weQ-fonued, strong 
ones, the mere differonoe in the height allowed not at aU repre¬ 
senting the really important difference between the men. It is 
as an attempt to meet this difficulty that the system of draught¬ 
ing men off into -the reserves has been institu-tod, in order tiiat 
whilst maintaining strictly the same standard wo may, when 
we obtain an excess of men, pass them into our reserve, and so 
continue to enlarge, withou-t considerable expense, tho number 
%>f men of proper jihyaiqw on whom we can rely in case of any 
sudden necessity. It must be remembered, moreover, that our 
requirements are altogether different in kind from those of Con¬ 
tinental nations, for while we are not exposed to the same 
danger of invasion os they are, so long as our navy is mistress 
of the sea, we have for distant possessions to defend, the 
garrisoning of whioh is by far tbe severest -task whioh our 
army has -to undertake. Since you can scarcely require a man 
compulsorily to expatriate himself for half a life, it appears 
oortain that oven -the most eager advocates of compulsory 
service would not propose to extend its provisions -to the whole 
army in the same manner in which that is done in Frassia; it 
is clear, therefore, that entirely new conditions oomo into play. 
In any case, the relative advantages of tho two systems, in so 
fur as tho mere provision of the proper numbers is couoemud, 
is a question almost entirely, as it has been well said, of the 
nature of tho foreign, Indian, and oolonial policy of the counti-y; 
the numbers required, and therefore tbe possibility of obtiuiiing 
them under a voluntary system, varying almost indefinitely in 
accordance with the different principles whiph we adopt on tlioso 
subjects. 

Passing to an inquiry into the relative cost of the two systems, 
it is obvious at once that if yon insist on u man’s giving yon 
his service for any rate of pay you like to fix tliere -will be a 
much smaller bill for total expenses than if you are obliged to 
pay all whom you employ at -tte ordinary market rate. It by 
no means follows that the real cost -to tbe whole country will 
be leas; for yon have, in fact, been exacting from those whom 
you employ a very heavy tax indeed in addition -to that which 
appears in your estimates. Each man who baa had to serve for 
less than' he otheifwiso would be earning has contributed just 
that difference between -the pay he has received and -the pay ho 
would otherwise havo received to tho coffers of the State. In 
relative estimates between the cost of tbe Prussian army and 
our own this is almost invariably forgotten. Mr. Cardwell 
quoted (17th of February, 1871) from a report which very ably 
pointed out bow this acted in the case of France, where substi¬ 
tutes being allowed, those who wished tp escape had ooeh to 
pay about BlOO, wbiob of course helped to supply tho cost of 
the army, and was an immense additional tax on the conntry 
most unequally levied. But it is ob-vions that where no substi- 
tntes are allowed the tax ootiially levied is much heavier, tor 
this JBIOO only represents what large numbers of men were 
glad to pay in order to escape tbe yet heavier fine to them of 
being obliged to sacrifice their other opportunities of e^gning a 
living. Moreover, looking at the question in a larger economi¬ 
cal point of view, the pecuniary loss which the cormtrys -usttma 
from losing the servioes of many men from aitnations in which 
they largely oontribute to iaoreaao the general wealth, and em¬ 
ploying them in poritions which others of leas education ^d 
faonlty oonld equally well,have fulfilled, is an element which 
must be taken very sedonsly into the account. 
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TECHNICAL DRAWING.—LVII. 

aOTHIC STOIIZWO9X. 

SBCOBATXO BHOUBH CATrCAUt. 

Xbhb, u a rale, foUoir the oostonr of the pier in olnatered 
oolmniu, and are either beU-ehapad or ootagonal. They are 
freqnentiy only monlded, preaentiiif rounds, ogees, and hollows, 
in whieh the hall-flower (Fig. 496) or sqnare flower (Fig. 497), 
the prerailing ornamenta of &e p^od, ate set. The abaoua is 
eithw oironlar or polygonal in plan, and its monldings are 
composed of roiutds frequently with an orerlap of ogees and 
boU^. The foliage 
ie graoefnlly wrealhod 
aronnd the bell, instead 
of rising dirert from 
the neok moulding. 

The difference will to 
at once understood on 
comparing Fig. 498, 


which are oontinnons with those in the arohitrsTS. The door- 
andiea are beqnently surmounted by a triangular or ogee 
canopy, ornamented with crockets and a flnial, the spaa^M 
beiag filled witih sculpture of various kinds. 

The large doors of this period are sometimes double, thongb 
not as generally so as in the last style; but the single door^ 
ways of the Ileoorated period are often neariy as large as the 
donble ones of the Early English. On the sides of the doorways 
small buttresses or niches are sometimes placed, and in some 
a series of niches, with statues, are oarri^ up like a hollow 
moulding; whilat in others, doubly foliated traoeiy hanging 
freely from one of the outer mouldings, gives a richness 

suiierior to any other 
decoration. 

DXCOBATXD BKaUBR 
WIKDOWB. 

These are usually 
large, and contain from 
two to seven lights; 



Fig. 501. 


Fig. 496. 


Fig. 497. 



from Turk Cathedral, witti the group of oapitals in Fig. 479. The 
leaves of oa^ maple, vine, ivy, strawberry, hasel, feme, etc., are 
all so beantifnlly rendered as to give e^denoe of their having 
been studied directly from nature. The oak seems to have been 
an especial favourite. Figs. 499 and 500, orookets from Hereford 
and Linooln Cathedrals, and Figs. 601 and 602, flnials from 
Cherrington Ohnndt and York Cathedral, are beantifnl esamples 
of the application of natural foliage, and illnstrate the develop¬ 
ment of ^ese ornamental features at this period. 

Hie doorways of this style possess very much the same 
featareS-as in the last, bat tite mouldings, jamb-shafts, etc., are 
more slender, less underont, and gmerally of finer proportions; 
the hoDows bmng often ffOed witii the baQ-flower and sqnare 
flower, applied in the same manner as the dog-tooth was in the 
Bsidy Bi^liah. The Jamb-bfantta diOer from those used in the 
lastperiod in being eonstantily engaged. Many doorways, how¬ 
ever, ere without pillan, beng eemr^ eeshpo^ of SBoidd^ 


but there are also windows of single lights, of lees elongated 
form than in the Early English period. 

The variation from the charMtor of the last period ia here 
dietinotly marked, first, in the employment of mnUione instead 
of ehafts witii oapitala and bases, bnt more eapeoially in the 
fnll development ci traoeiy. 

It will he remembered that tracery originated in the neoeseity 
for pieroing Ihe iiortion of the wall which wae left vacant when 
two lights were gatiiered under a single-arohed dripstone, and 
thus l^e whole of (he elementary trao^ waa acoessaril^ in ona 
plane, ooneistuig merely of apertnres in a fiat rarfBoe. Ai tha, 
principle of window-traoeiy, however, became established, the 
mnllions were reoesaed from the face of the wall in whieh the 
window-aroh was pierced, and the fine effect thns prodnoed waa, 
aa the art progreased, speedily enhanced b 7 tiie introdnctioa of 
distinet ordma of mnlUonB, and by reoeesing certain portiottB 
<d the tracery from the face of the primary mnlliona and ihm 
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ooffesponding tnoery bars.* The distinct planes of traceiy 
•ad mnUions tints pranced ocyatitate one of the most beantitnl 
featnres ia Qotitio windows. 

Deooxatad window traoeiy ia dirided into geometry and 
flowing. In the former the tracery consists of combinations 
ot lines producing numerous geometrical figures—ourrilinoal, 
tnanglsSi losenges, etc. etc., and others baaed on them, and 


merge into each ether, thus producing a blending of forma, 
and resulting in what has bm callod "flame-like compart¬ 
ments." 

bi its most perfect state, geometrical tracery inTairiably 
exhibits some luge figure of a distirtot and decid^ character, 
which occupies the entire upper part of the window-head, 
i This figure is generally a circle, its^ foliated and onsped, or 



Fig. 503. —wiNPOw raoM BOuaHTON apuph chuech, kknt. 


oombinad with mroles, as the trefoil, based on the triaagle; the 
qnatrefoil, on the square; the oinquofml, on the pentagon; the 
hasafoil, on the hexagon, etc. lb the flowing tracery these 
figures, though still employed as a basis, are not each oom- 
idated in thrauelves, so aa^to stand out in^vidnally; but they 


* ZVMsry tors sm those portions of the masoniy of a window-head 
wUoh mark out (he piinoi{^ fignras of tbs design. Ttwm these the 
minor and bmim strictly deoemtiTs parts of tbs stonewoik may be 
dlsthignlshaMe undsr ite name of "form piseas.*'*>-ir<(n<i’« "IfsiiMa- 
chtars." 


subdivided by smaller geometrical figures, in most oases similarly 
enriched; or it is formed Iqr tracery bars diverging from the 
head of tiie central light in such a manner as to raBend>le the 
upper portion of the window arch inverted, and c ont ai ning 
ornamental work of the same character as that ia the large 
oixolea. 

The irindow in Fig. 503 is from B^htoa .^pih Church, 
Kent, and is a good, though not a rich, qMeiBMn of geo¬ 
metrical tracery. The figure on which the oentiel portion 
of the head is baaed has already been given ia leasona ia 
" Fkaotioal Oeometry to linear lltewiag.** 
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PHOTOGRAPHY.—IV. 

‘ By J. C. IiKAKS. 

OPEEATTONR IN DARE BOOK NOB BENSITISINO 7U.TXIB— 
BXPOBUBB OF PI.ATE8 FOB BBOBFTION OF PHOTOOBAPH 
—OBVXIiOFKXNT OF IKAOB—FIZINO OF IKAOB. 

Tire plate will now bo ready for immeraion in the senaitiBing 
bath ^ nitrate of ailTer; and from thia time forward, until the 
picture ia fixed, the whole of the oxierationa muat be oondnoted in 
the yellow nnn-actinic%ht of the dork.room, with the exception, 
of oonrao, of the expoanro to light in the oamera. The yellow 
ehntter of the room being oloaed, the plate may bo aenaitiaed 
by planing it with the lower coated edge upon the ledge of the 
dipper, and lowering it ateadily and quiclcly down into the bath 
solution. Like the operation of coating, this aleo requires 
Bome skill and praotioe in order to efFbot it properly. The 
plate must bo lowered quickly and regularly into the solution, 
as if the slightest jerk be imparted, or any hesitation be made, 
the result will be that a straight line, oorresponding wi& the 
surface of the solution, will be loft upon the plate, which, in 
the finished picture, will appear as if the gloss was cracked at 
that xmint. After remaining at rest in the bath for aome two 
or three minutes, the plate should bo liftoci by means of the 
dipiter, and raised and lowered alternately ten or twenty times, 
in order to facilitate the escape of the ether and aloohol 
retained in the film. It wiU, at this stage, bo obserTcd that 
the surface of the film presents a somewhat greasy appearance, 
from the fact tliat the nitrate-of-silver solution does not mix. 
freely with the alcohol and ether in t|^o collodion. As soon as 
this resistanoo has been partially overcome, the i»sition of the 
plate should be reversed upon the dipper, and the movement 
rosnmed until the solution fiows in a smooth and even sheet 
over the whole surface. When this oocurs the plate is sensi¬ 
tive to tho action of light, and is ready for exposure in the 
camera. The iirocess above described will have produced a 
very marked difference in the appearanco of the plate. The 
transparency will now have given place to a creaminess and 
serai-opacity, owing to the combination of iodides and bromides 
contained in tho collodion with the silver in the bath solution, 
tho result being a film of bromo-iodidu of silver of most 
exquisite sensitiveness to the action of tho light. 

WThile the plate has been in the nitrate bath, tho dark 
elide of tho oamera should have been dusted, and wiped out 
with a damp cloth, and a few folds of clean blotting-paper 
laid upon the oi>crating-tablo at tho foot of the bath. These 
preparations made, tho plate may be lifted out of the solution, 
and, after draining a few moments into the bath, be placed 
upon one end upon the blotting-paper, in order that aU the 
enporflnons moisture may drain off its surface. The book of 
tlie plate should then be carefully wiped with a tuft of soft 
paper, and the plate placed in the dark slide with its sensitivo 
surface inwards. It ia a good plan to insert a sheet of red 
blotting-paper at tho back of the plate in tho slide, in order 
that it may absorb any ef the silver solution whiob may drain 
out of the film daring exposure. It will be soarooly neoessary 
to add, that the utmost oare must be exercised in all those 
operations, in order that the sensitive surface be not injured, as 
it would bo by tho slightest touch either of tlie fidger, or any 
sahstanoe whatever. After the sensitised plate has been placed 
in the slide, no time shonid ho lost in exposing it to the action 
of light in the oamera. It is true that it will retain its sensi- 
tivenoss for perhaps half an hour after the removal from the 
bath, but it is at least running a oonsidozablo risk of failure, 
from stains eausorl by tho partial drying of the films, if more 
than half that time be allowed to elapse between tho sensitising 
and developing processes. Plenty of time may Hbe ooeupied in 
oxjHianre for all praotioal purposes, but none should be wasted 
or lost. 

Before removing the dide containing the plate from tho dark 
room, it shonid be lightly wrapped in a cloth of some opaque 
material, in order to shield it ^m any stray ray of light which 
might find its way to the sensitivo surfaeo and oanse “fogging.” 
The slide should be brought to and from the camera in the 
same position in whioh it was placed when the plate was 
insntod t and on no aooooiit must it bo reversed, or knooked 
abent, if the ntmost petfeotion bo requited in &e reantting 
piotom. On arrival al the oansn the foonssing-sersen ahonld 
be Mmovedi imd theaa{>B]MsedI^xm tiietahehddhiigtbelaui 


the slide with the sensitive plate shonid then be inserted in the 
groove from which the soreen has been taken, and the doth 
thrown over the whole of the* oamera, of ooorse, with the 
ezoeption of the lens. The hand shonid then he inserted under 
the cloth, and the sliding-shutter gently and steadily lifted to 
its full extent. All will now be ready for the aofual exposnre 
of the plate to light, and after allowing a few seconds to elapse, 
in order that any vibration caused by the adjustment of the 
slide may sabaide, the cap may be gently removed and the 
plate exposed. The time daring whioh thia exposure is to bo 
oontinn^ cannot be definitely given, os it varies with the 
aperture of the lens, the colour and lighting of the object to be 
photographed, the nature and charaoter of the light, and many 
other matters. We may, however, suggest that, for an ordinary 
briok or stone building, partly in sunlight and partly in shade, 
with a lens of six inohes fooal length and an aperture of a 
quarter of an inch, tho time of exposure necessary wiU be from 
twenty to fifty seconds. Tho only tost of this matter wUl be 
the development of the imago, of whioh we shall treat presently. 
When the exposnre is completed, the cap shonid be replaced, 
tho slide closed, and the plate removed to tho dark-room for 
development, with prooisoly the same precautions as wore 
before observed in bringing it for exposure. 

Upon arrival in the dark-room, toe plate must be removed 
from tho slide and held in the left hand, precisely as during tho 
process of coating with collodion. In too right band too gla.sB 
containing the iron developing solution should be taken, and 
toe fluid should bo spread from toe lower rigbt-liand corner 
completely over the plate with one quick and even sweep. 
There ia no occasion to be sparing with tho developing solution, 
and toe important point here is to completely o«vor toe whole 
surface with one application of toe solution. If any hesitation 
bo made in effecting this, from an insnfficiont quantity of 
solution, or from improper or imperfect spreading of it, Unas 
and stains will bo caused similar to those produced by hesita¬ 
tion in lowering toe plate into the sonBitising bath, and too 
picture will be spoiled. If the exposure in toe camera has 
been properly timed, in a very few seconds after the developing 
solution has boon applied the sensitive surfaec which, upon 
removal from toe oamora-slido bore no trace of an image, 
vriU begin to change in appearance; toe highest lights, those 
parts upon which toe light has acted most strongly, showing 
signs of becoming darker. The developing fluid must bo kept 
in motion over tho plate by rooking it backwards and forwards, 
BO that too solution may flow otjually over toe whole surface. 
Gradually tho whole details of toe picture will appear; the 
highest ^ht—such, for instance, os toe sky—assuming a semi- 
opaque character, while in the deepest shadows the film of 
iodide of silver will remain nearly unaltered in appearance. If 
necessary, a second application of toe developer may bo made; 
but if a proper exposure to light has boon given this is seldom 
required. *When the whole of toe details of toe pioturo have 
been developed, tho iron developing solution must he washed 
off, taking care not to disturb toe film, whioh, it should be 
remembered, is exceedingly delicate, and liable to ho removed 
from tho glass by any violent treatment. The proper place in 
the dark-room in whioh the proooss of development may be 
conducted is immediately in front of toe window, in ordor that 
the progress of the work may be examined by light transmitted 
through toe plate. If the image be now examined, it will be 
observed that it is entirely reversed, tho sky being dork and too 
shadows light; toe proportion of light and toade, being, however, 
aoonrately preserved. If there should be saffloient density in 
toe deposit thus formed, toe operation of making the negative 
wonld be complete; bnt where the image is produced upon 
hromo-iodised collodion and developed with iron this is seldom 
the cose, too negative being generally very sefft and fall of 
detail, bnt without density soffioiont to resist too light dnring 
the process of printing. A second treatment is therefore 
neoessary, in order to render too negative flt for printing, and 
add a snJloient thickness or opaoiiy for the purpose. order 
to effect this the eohttion of pyrogallio a^ is em]fioyed ae 
follows:—After a thorough washing of toe plate and toe 
complete removal of the iron solution, the second developer—-or 
more properly the intensiilying solution—^ia poured over toe plate 
several toes until it flows quite evenly upon toe lurfaoe. A few 
dxopii of toe ten-grain solution of nitrate silver ahonld then 
be added, and toe mixed sohitiaos iqtplied ae before. A rapid 
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aoquiaitioii of dennix will be the lesiilt, aad when the sky and 
the lights of the picture are so opaque as to only allow the 
outline of the finger applied te the back of the plate to be seen 
through them, the application of the fluid to the surface should 
be discontinoed, and the solution washed off as quickly as 
possible. In ordinary oases, one application of the re-developer 
wiU be sufficient, but it may be oon^ued as often as neooesaiy, 
renewing the solution as soon as it becomes diaoolonred. 
Beginners often make their negatives too intense; end we should 
advise the tyro tjMbtain a good printmg negative, by which ho 
could guide bimseu in his work in this important particnlar. 

The only chemical process now remaining to be effected is 
that of fixing the imago, or dissolving out tho unaltered 
portions of tho sensitive film. This is a very easy and simple 
affair, in which there is but little risk of failure. If the hypo- 
Bulphito of soda be used (which we should advise), the plate 
should bo placed upon tho ledge of the dipper, precisely as in 
the sensitising process, and immersed in '&e solution, whore 
it should be Mt during some five or ton minutes. Upon 
removal from this bath, it will be found that the unaltered 
iodide of silver has been dissolved, and that the deepest shadows 
almost resemble the bare glass. If this bo the case, and the 
high lights present a creamy appearance, and are semi-opaqno, 
ttie operation may be considered successful, and tho negative 
fit for printing. The hyposulphite solution must be very 
thoroughly washed off witb a copious supply of water, and 
when the film is dry the negative will be fit for varnishing. If 
tho cyanide of potassium is employed for fixing the image, it 
should bo poured upon tho plate and carefully watched, being 
washed off thoroughly as soon as the iodide is dissolved, or it' 
win attack and dissolve the image itself. 

When the film is thoroughly dry, tho plate should be 
varnished before attempting to print from it, or it will inevi¬ 
tably bo destroyed. The negative should be held in front of 
a clear fire until it is quite warm, but not hot. It should then 
be held by one comer and coated with varnish, exactly as it 
was covered with collodion, and with tho same care. The 
varnish will dry into a bright, hard, and glossy surface, when 
tho negative piotore may be considered complete and re^y for 
printing from. 

For the sako of dearness we have avoided all mention of 
foUnres ; but as those will most probably ooeur in one or other 
of the various stages, we will consider them and theit oausea 
and remedies in another chapter. , / 

- /.f’Xf 

FISH CTJLTUIIE.—IV. 

By OasvtLLE FxiiirEi.i. 

ABTIWCIAI. FECTTWDATION AlTD INCtmATION. 

We still pursue tho description of M. Gobin’s plans, for their 
simplioity; and we have seen that in artificial feenndation Kature 
has been imitated, where the tish voids its eggs by passing over 
and pressing its beUy against smooth stones. Tliis natural 
method being imitated by the hand of tho operator, all the 
eggs ore evaouated, without the loss of a single oue. 

In artifioial incubation M. Guhin takes a round box, in tho 
form of a warming-pan, except that the bottom rises a little in 
tho inside in order to make it remain more firm in tho position 
in which it may be placed. It is made of zinc, to prevent rust; 
its size is twon^ oentimetros in diameter and seven oentimotros 
in depth; the Ud four oentimetres in height, on hinges with a 
catch. The box is pierced on every side, so that the water can 
freely flow through it over tke gravel. These holes are a miUi- 
motro in diameter, and should be very oorefuUy and smoothly 
made with a punoh, in such a manner as not te wound t^ little 
fish attempting to osoape through them. 

The bottom of the box is covered with a bed of fine gravel, 
and on this are placed the fecundated eggs. |!acih box should 
contain one brood of eggs. Tho box is then closed, a hole is 
dug for it in the gravdly bottom of a running stream of fresh 
water in which it is plaoed,-aud gravel is strewed ever it. 

It is neoessaiy to take those preoautions in order that tho 
water flowing through tiie "’gravel may be purged of its impurities 
before it enters the box, and not deposit mud or slime upon the 
eggs, and retard and prevent altogether the batching, as Ge^ 
and Bemy ebenved was tite ease whan such precautionary 
meoenres wen omitted. 


The box so placed is left for a month or two. M. Gehin 
could not determine tho exact tune of the prooesa of inenba- 
tion, as it varied with ^ quality of the water. “ This ques¬ 
tion,’’ sa 3 rs M. Godevior, “is now ooonpying the attention of 
scientific men, and from their researohea we shall have 
tho exact results. As incubation goes on and hatching time 
approaches, in order to determine when it will take plan, and 
not to their injury retain the littio fish too long prisoners, the 
boxes should bo frequently inspected. When incubation is 
finished, and the littio fish begin to move, they must still be 
kept endlosod from eight to fifteen days, according as their 
numbers are small or great; then they may be sot at liberty in 
tho quietest part of the stream, oare being taken that the 
quality of the water is the same as that which has flowed 
through tho boxes, for a change to water of more or less fresh¬ 
ness or oleomess will have a sensible infiuouoo on their frail 
existenoe. 

“ A wide field was hero, of course, open to any one who obese 
to enter upon it: for example, it was very interesting to ascer¬ 
tain the resnlts of different modes of treatment by placing 
similarly, either confined in largo boxes or at liberty in tunning 
brooks, eqnal numbers of young fish, and supplying one sot with 
thickened blood, ground liver, and other foiod, and leaving the 
other set to find such food as Nature affords, to note tho relative 
increase. Experiments, likewise, might bo made with boxes 
having larger holes than thoee before described—large enough 
for the escape of tho young fish as soon after batching os they 
might seek their liberty, which mode might do away with tho 
neoeasity of watching tke process of hatching, with the view to 
opening the boxes soon after. 

“In Bome sections of tho country, where many crops bare 
been gathered from the same plot of ground, it becomes in a 
degree ezhanstod, and, whether to improve it for the same or 
prepare it for another kind of crop, it is nsual to overflow it, 
oonvorting it into a fish pond, and stooking it with oarp and 
tench. After throe or four years tho water is drawn off, the fish 
taken and sold, and the land cultivated. A few years haring 
elapsed, it is again overflowed, bnt need not again be stookod 
with fish, as they now appear, as it were, spontanoonsly. Wo 
have the evidence of numerous observers as to this fact, and 
among others tho inhabitants of a commune near Grenoble. 
They state that there is a littio lake on the side of a hUl in tho 
oommuno of Jarrie, not far distant from their town, which is 
well Btooked with carp and tench. Sometimes tho lake dries 
np, and the gronnd is then cultivated with hemp, and yields 
abundantly; and again it is filled with water, and carp and 
tench appear in great quantities. 

“ The river Brae has a wide bod, and the current at times 
roaches new channels or re-takea old ones which have dried np; 
in the pools of these old channels soon appear quantities of trout, 
whose size shows their ago to date from the period of the water's 
return. This fact is vouched for by the fishermen of that river. 
'The inference is clear, that the fecundated eggs have been left 
in tho bed of the channel at the time it dried up, and so ro- 
mainod until the returning waters have united all the necessary 
olomonts of incubation, which has then taken place, and soon 
after the eggs have boon hatched.” 

Foundoa on those facts M. Gehin adopted the following modo 
of preserving and transporting fecundate eggs :— 

He takes one of the boxes already described, and covers tho 
bottom with a bod of very fine sand; be covers this with a layer 
of gravel or pebbles, varying in size from a pea to a hazel-nut, 
and upon tho gravel he spreads a layer of fecundated eggs; 
those again are covered with sand, and then another layer of 
gravel, and then one of eggs, and so on, nntQ the box is 
filled. He takes great oare beforehand to wosh tho sand and 
gravel so as to free it entirely from every portiole of mud or 
slime. 

When tho box is full he dil>s it in water, so that its eontents 
shall be thereby more alosoly pocked together; and being there¬ 
after exposed to the air it can be sent anywhere without tiering 
the conffition of the eggs. On the receipt of the box the con¬ 
tents are taken out and plaoed in five or six other botes, each 
oontaiaing the spawn of oho female; and these are plaoed in 
the gravelly bed of a stream, according to the direotinns before 
given as to artifioial inonbation. 

If any of the eggs bavs a different appeaiance from that 
before desocibed, as fitting them for inoulmtion, they must be 
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thioim away; and iho oleanor the egga ate tiie better will be 
i&e enooees of the experiment. The sterile and siKniled egga 
become white and opaque, like the white of a hen's egg boil«d, 
and if broken yield a milky fluid. 

H. Gehin meets a difficulty in a oharaotorietio way. Trout 
fishing is prohibited in France daring spawn time—^that is, daring 
November and Beoomber—^beoause tho flab, ooming then together 
in shoals, can so easily be taken and the work of reproduction 
prevented. But fishermen, stimulated by large profits and 
lessened toil, brave tho law, and destroy in the germ millions on 
millions of fish. To these fishermen he gives this advice: they 
should take with them a little pot made of zino, say five inches 
in diameter and six inches deep; it should be filled one-third 
full of water, and a piece of wood the size of the pot may cover 
the water to prevent its splashing out as the pot is oarri^ from 
one place to another by the ^hermen wMe at their work. 
When they take a female fish they should put her eggs in this 
pot, and in like manner put into it tho milt from the male fish. 
H. Qehin thinks it unimportant whether tho milt or tl^e egga be 
first placed in the pot; that will depend on whether the female 
or is first caught. When they have done fishing they should 

diga hole in tho bed of tho onrrent near where 
thqy have been fishing, and cover the bottom 
wi^ fine gravel; into it thi^ should pour 
the eggrs, which, when feoundated, will drop 
to the bottom among the gravel like little 
shot; the hole should then be filled up with 
little stones and covered with gravel, and 
incubation will go on, and in duo time the 
eggs will bo hatched. “By this means,’’ 
adds M. Gehin, “the fishermen, by reap¬ 
ing all tho advantage of their iUogal trade, 
will not bo, in foot, doing any injury to the 
process of reproduction.” 

It hoe been observed that fish are with 
difficulty ooclimatiaed on being taken from 
one stream to another; often they die, 
almost always they beoome sterile. Bat 
eggs BO transported are easily inonbated and 
batobed, and produce fine fish. Indeed, it 
has been remarked that, except in a running 
stream, other fish than carp and tench be¬ 
come barren. When fish aro caught for tho 
purpose of taking from them tho eggs, and 
are found to be in an nnfit state to be 
operated upon, from not having gone their 
f^ time, they should be kept in a reservoir 
until the proper time, and then relieved of 
their eggs and set at liberty again. Other¬ 
wise they will die in the reservoir, as they 
will not, while in that manner kept pri- 
Bonets, spawn naturally, but will retain tboir 
eggs and perish. When eggs are pre¬ 
served in water, it must be frequently renewed, or aqnatio plants 
bo placed in it: thm plants preserve the eggs in an unchanged 
oondition. 

As an ovidenoe that there is something wrong imthe exercise 
of those oximrimonta which axe so oontinnaUy announoed as 
failures either partial or complete, we quote from a French work 
upon the subject of breeding fish, whioh says: “ like all other 

r at disoovorios, now that wo have it, this seems the simplest 
the world. How, wo ask onreelves, was it poasiblo for any 
one to eat fish-roo without thinking of iffie innumerable fish thus 
destroyed in tho germ, and what would that thought load to but 
the search for a mode of preventing each wholesale slaughter 
and the easy discovery of euch a mode f Yet it took six ^on- 
aand years to find tho right mesas to solve readily and practically 
the difficulty; and wo now have the eoluHon in so simple a form 
that even (lie children of fishermen practise it as easily as they 
would tend a flock of thMp.” 

Next was demonstrated the imssibUity of creating at will 
mixed jjreeds, by mixing the spawn and milt td two different 
apeoiesi and the author shows tiie possibility of hatching arti¬ 
ficially, near ponds ooBtaining nnpr^nctive speoieB, the egga of 
tt ea e very species, and of atodking these ponds wi& young fish 
from these egga. Evwy part, indeed, of his research ie oharao- 
teri s ed by such exactitude and practical good sense, that all 
fnadamental quwtioiu ue motredi nad this sew discovery had 


hardly appeared in the domain of arienoe when it was trwufetxed 
to that industry. 

In 1841 tile late Nr. Booojns, C.E., to whose seal and obser- 
vatien we can from a long acquamtonce personally tes^y, 
carried to still greater lengths practical results of such experi¬ 
ments. He, like those who preceded Itim, made use of artificial 
fecundation tor stocking the streams of kHi. Drummond, in the 
Colne neat Uxbridge, and he estimated the nnmber of trout he 
produced and brought up there at 120,000. We, however, who 
oontinuonsly fished this water, never found My appreciable in- 
oroase of sport, nor did wo notice any greater number of trout 
after a year or so, in the pools or in ^e shallows. But these 
fish, as '^ey ore migratory, may have worked either np or down 
the stream, and thus benefited neighbouring waters more con¬ 
genial to their nature. We possess several MSS. of Mr. Boooins, 
whioh tend to show the earnestness of pnrpose by whioh he was 
actuated, and ooold have wished that the results had boon more 
in accordance with his exertions, and from his very failures 
there is much to bo loomed. Onr own opinion is that there has 
been some faulty observations hero. He says one part of Ms 
system is to bre^ nono bnt tho superior classes and qualities of 
fish, the finest coating no more trouble to 
protect and feed than tho inferior kmds. 

Owners of waters should be cautious 
against grasping at toomuoh, either in weight 
or numbers. Large fish devour far more in 
proportion than smaller ones; and too great 
a number of a lessor size eat up the food, 
and tho whole stock becomes lank and lean. 
Again, the larger fish hunt and harass their 
weaker brethren, and hinder tiiem from ob¬ 
taining food. On this aocount, where many 
exist the fishery is not upon a fair foot¬ 
ing, and cortoinly not in a progressive or 
prosperous state. It were better that large 
fish, after a certain ago, should be taken 
for food, or else removed for productive 
purposes elsewhere. Fish wMoh can obtain 
their food in an easy and peaceable way will 
■J: increase for more rapidly than those whioh 
have to travel for it. This explains the 
seeming contradiction that trout in some 
waters are only in condition two or throe 
months in the year. Tho simple answer 
is, that eight months of the twelve they are, 
from scarcity of food, so starved that tliey 
ore oompollod to feed upon the smaller sort 
of their own fraternity. These, being swift 
of movement, become difficult to take; so 
that the fish ore more like skeletons, or 
heads and tails of tront, than fish w^h 
taking, and do not get into oondition till 
tho fly season comes round again. 

Those who have permission from owners to take eggs from 
tront or salmon, oazmot be too careful in handling the fish; above 
all, they ehonld never touch the gUl or gill-covers so as to injure 
them, for if a fish bloods from the gills he is sure to die. “ He 
must not bo squeezed, but you must hold him gently round tho 
small of the tail (the ‘ wrist ’ I mdl it) with the left hand, and 
keep his head loosely in tho hollow of tiie right hand, ^me- 
times the eggs are wMte, sometimes ambOT oolonr. Do not throw 
the fish mdely back that are not ready, bnt oarry them to the 
water and slip thorn gently in—like one ^ps a ferret into a rat- 
hole. Female fish, if faint, should be snpported, head up stream, 
in the hand, until they swim away of their own aecord. If you 
are in doubt of the eggs bei^ ripe, take one of them in 
your mouth, and bite at it; if you find it soft and can eatoh it 
easily betwe^ the teeth, and it cracks, yon maybe quite oertali. 
that tile egg is not ripe; if, however, ou the contrary, yon have 
a difficulty of catching the egg between the teeth, and it sUpi^ 
away from between tffiem, feeling like a ball of glass, and you 
have a diffieolty to crack it, the ^ is perfectly ripe. 'When the 
eye of the young fish is visible in ^ egg, the external traus- 
porant horn-like shell of the egg is quite hard, tough, and very 
olaetio; tor if yon drop an egg in tills condition, it will rebound 
like an india-mbber ball. This is a wonderful provision of 
Nature to praeerve the young fish from ti» raperiimttmbent 
weight at the giaveL" 



Pig. 12.— SA1.XOH LIAI^SHOWISA HOW TUB 
LEAP or THK FISH IS BlrSCTBU. 
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PRINCIPLES OF DESIGN.—XXVIL 

BT OHaiBTOFREB OBXSSXB, PH.B., F.Ii.S., BTC. 

SILTXBSUITHS’ WOBK (oc»ittnii«<2). 
fTA- rma ohoaea • form for a vessel, the next qneition with 
which wo have to deal ia, wiU it require a handle and apont P 
It ia onriona idiat while the position of a apont and handle in 
relation to a veaael is governed by a simple natural law, we yet 
rarely find them placed aa they ahonld be. This is the more 
onrions, as a vessdAnay become practically of immense weight, 
owing to the handle being misplaced. 

A ponnd weight is maily lifted, but when applied to the 


just aa the point held is removed from the central line 
spoken of. 

Fig. 124 would pour when in the position shown in Fig. 12S, 
but see how far the hand that holds it would be to the right 
of the centre of gravity, which distance is of great disadvan¬ 
tage, as it causes the voasel to appear mndh heavier than it 
aoto^ly ia, and requires a muoh greater expenditnre of force in 
order to pnt it to its use than is neceesary were it properly 
formed. 

The law governing the application of handle and spout to 
vessels is this, and the same principle applies whether the veaael 
be formed of metal, glass, or earthenware :—^Find the oentre of 



diorter end of the steelyard it will balance a hundredweight, gravity of the vessel, which can easily be done by letting a 
If this principle is applied to a tea-pot which actually weighs vertical line drop over it when placed in two different positions, 
but litUe, it may yet be very heavy to lift. In ninetMn cases as in I%s. 126, 127, and where the two vertical lines intersect, 
out of twenty, handles ore so plarad on tea-pots and similar as in a in Fig. 128, is the oentre of gravity. The position of 
vessels that they are in use lifted only by a force capable of the handle being fixed on, draw a line through the centre of the 
raising two or three snob vessels, if the principle of the steel- handle, and continue it through the oentre of gravity of the 
yard was not acting against the person who uses the vessel, vessel. The spout must now be at right angles to this line. 
Take our ordinary form of tea-pot, and see how far the oentre If this be the case the vessel wiQ pour freely, while the handle 
of &e weight (the oentre of gravity) is from the handle in a is just bung upon the thumb or finger of the person desiring to 
horisontal Erection, and ydh wiU be able to judge of the lever- pour from it, as may be seen from Figs. 129, 130, in which the 
age acting disadvantskgeonsly to the person who may pour tea straight line a, passing through the oentre of gravily a, ia at 
from snob a pot. Now if the part held is to the right or left right angles, as it should be, with the straight line passing 
of a right line passing through the centra of gravily of any through the spout. 

'TMsel, there is leverage acting to the disadvantage of the This law, if obeyed, will always enable liquid to be poured 
person desising to pour from toat vessel, and tbia inoreaees from a vessel without its appei^g heavier than it actually 

62 


VOL. m. 







146 


THE TEOHNIOAI, EDUCATOE. 


is, Imt it will be eeen tiuit tbe shape of the reesel must he 
eonsideied ao that the spout and handle oan bear this relation 
to each other, as in Fi^. 131,182. Some shapes will not admit 
of it, so they must be aroidod, as may be seen by e x am i ning 
Figs. 124, 125, which show a tea-pot of faulty shape in thk 
respect. ’ 

A consideration of this law shows ns that the handles of jugs, 
those formed of silver, of glass, and of earthenware alike, 
usually have the handles too high; but in this respect things 
are much better than they were a few years back. Now we 
somewhat frequently see a jug with the handle in the right 
place, whilo some years back we never did. Silver jngs are now 
the most generally faulty in this respect, and each mistakes as 
the wrong placing of the handle or spent of a vessel resnlt only 
from ignorance, for no man knowing the law wonld violate it 
(Mg. 133). 

It is nnnooessary that I say more respecting shape and the 
general construction of silver and gold veBsels, except to re¬ 
mark that if flgfuros or other ornaments are beaten up on the 
surface of a vase, they must not destroy or mar its general 
contour. 

Iron is not used with ns as it should be. Not only is the 
effeot prodnoed when it is inlaid with silver and other metals 
excellent, bnt by this mode of work our art eroations are 
greatly prosorvod, for tho iron is valneless, and the labour of re¬ 
moving the small quantity of precious metal inlaid would bo 
BO groat as to render the gain inadequate remuneration for the 
time consumed in collecting it. 

M. Christophlo, of Paris, and also M. Barbedien in a losser 
degi'ce, havo commenced to inlay copper vessels with silver, and 
some of their works are very beautiful; and the Japanese havo 
from an early time inlaid silvur in bronze. This inlaying of 
silver into copper is a stop in tho right direciaon, and should 
bo encouraged by all lovers of art. Tho Indians not only 
inlay silver in iron, but also gold in silver; and the firmness 
and intricacy of some specimens of this inlaying aro truly mar¬ 
vellous. < 

By tho process of enamelling, oolonr can bo applied to metal, 
and of all arts this art of enamelling prodnoes works which aro 
most lovely; at least, if tho best works of enamel do not 
snrpBSB those produced by any other manufacture, they are, at 
least, equal with tho works of the highest excellonoe. Trans¬ 
parent enamels are in some cases very beautiful, but they do 
not generally compare with the opaque enamels, such os were 
largely used by the Chinese abont a hundred and fifty years 
book, gnd by the Japanese, or those now so skilfully applied 
by Barbedien, tho Algerian Onyx Company, and Christophlo, all 
of PariB. 

OhiaoBe elaisonm! enamel vases may be seen at tho South 
EeUBington Idnseum, and here yon may also find one or two 
amall pieces of Japanese enamel, as well as one or two grand 
speeimons by Barbedien, of Paris. 

The Chinese enamels have most frequently a light blue (sort 
of tnrqnoiae) gronnd, bnt they ooenr with boUr red, white, 
green, and yellow gronnds; while the ornament is of mixed 
oolonrs, but generally with light yellow-green, deeper blue- 
green, or dark bine prevailing in it. » 

The Japanese enamels have a lower tone of eolonr-efTect than 
tho Chinese, and tho work is finer and the oolonrs moro mingled, 
while the modern Frenoh enomslB are full in oolonr, and are yet 
rich and subdued in general effeot—some of them, indeed, are 
most beantifnl works. 

Elkingtons, of Birmingham and London, have also produced 
some beantifnl things in this way, bnt not in tho qnantitios 
that Barbedien has. I most strongly advise tho art-stndont to 
study these works in enamel. 

Niello work is a form of enrichment applied to metal not in 
general nse; it is a difficult process, ^ver snnff-boxes and 
pendants for watoh-oihains with a niello pattern nimn them are 
not nnoommon in Belgium and Bussia, the nieQo pattern ap¬ 
pearing as dark lead-penoil work upon the silver. Some niello 
work u very quiet beantifal, bnt muoh need not be said 
xeimeonng it. 

Jewels may be ineerted in metal, but if this is done they 
should be somewhat sparingly used, even in the most costly of 
works, for they are abnndant they produce mere glittw, and 
the aim of the orsamentist must in all cases be the prediction 
, of lepOae. 


FAEMIN(5 AND FAEMING ECONOMY.—IX. 

By ProlesBor WkiesrsoH, Boyal Agrioultnnl CoD^, Cixenoestet. 

BARLXrr—OAXB—BTI. 

Lawson desoribos twenty kinds of barley, all referable to the 
following fonr species; Sordeum, distichim, two-rowed barley, 
oompriaing ton varieties; H. vutgwe, four-rowed barley, repre¬ 
sent^ by eight varieties; H. herostiohon, or nx-rowed barley ; 
and H. neotriton, fan, spratt, or battledore barley—^the two last 
having each one form only. The finer sorts aU belong to dis- 
Uchon, while vulgare and hexasUchon are fonhd as hardy, ooarse 
cereals, in northern latitudes or high exposed mtuationB where 
wheat oannot bo depended upon. 

Common Two-rowed or English Barley, —Ears throe to four 
inches long by one-third of an inoh broad; containing 28 to 3(1 
grains, not closely set on the raohis; avros extending abont the 
length of the spike beyond its point. 

Chevalier Barley. —Ears resemble the last, bnt oontain two 
to fonr more gmina; groin rounder, plumper, and superior to 
last; eight to ton days later in ripening; weight from 56^ to 
58 lb. per bushel. 

Annat barley is the produce of two selected eats picked from 
a field of Flaw Craig Farm, Carso of Oowrie, in 1830, and subse¬ 
quently propagated by Mr. Gorrie, of Annat Garden. Grain 
rounder, plumper, and heavier than the preceding varieties. 

Xiawson also describes Dunlop, Stains, Oolden or Italian, 
Chamoellor, and Royslon barleys, and black and naked varieties, 
in which last the grain may bo separated from the chaff. 

The four-rowed barleys inolnde common Bear, Here or Barley- 
big. This variety has an ear inches long, containing about. 
CO grains; grains pointed, or tapering to both ends; awns 
abont 3a inches long; cultivated chiefly in the Highlands of 
Scotland, and in tho Lowlands on exposed, inferior soils. 

Whitc-ro^K^ed winter barley has thicker and rather longer 
oars, grain larger, skin thicker, and coarser than tho last: sown 
in antnmn, and is earlier than any spring variety. 

There are also Square, African, Tangier or Morocco, Bengal, 
a black, and two naked voriotios of four-rowed barley. 

Six-rowed while winter or Pomeranian barley has six equidis¬ 
tant and distinct rows, tho lower grains nearly at right angles 
with the raohis, awns in consequonco much spread. It is the 
coarsest kind of barley cultivated, but is hardy and prolific. 

Putney, fan, spratt, or battledore barley (H. xcocriton) is 
characterised by a short oar, very broad at tho base; grains 
standing out from tho raehis as in tho last; awns spread 
mnoh to both sides; very much resembling H. hexastielmi 
except in the numbers of rows. Not widely cultivated. 

PLACK IN ROTATION. 

Barley occupies a loading position upon all light and medium 
soils. It usually follows a root-orop, oonsumod upon tlie land 
by sheep. A rich condition of soil, induced by a liberal use of 
purchased fond, is inconsistent with the production of tho finest 
samples of barley. Aocordiiigly, some take this crop after 
wheat, so as to ensnre a higher quality of produce. 

Tursips being required for folding purposes up to May, 
the sowing of barley is often delayed to that time. When 
the weather is genial, snch late sown barley may give a large 
return, but too often tho dry character of this part of the year 
causes a rough, cloddy condition of soil, unfavourable to tho 
development of barley. Honoo in such oases it has been ro- 
oommendod to take white turnips aftiir such late swedes, or 
a second root-crop, which will be fed off in tho autumn in time 
to bo followed with wheat, afterwards to bo snooooded by barley. 
This plan, which gives two root-crops and two graia-oropB in 
four years, avoids risk, and ensures better malting barley. 

FBKPAKATION OF OBOUND, ETC. 

The sheep-fold may be looked upon as the loading feature in 
all barley-growing distriota. Aa soon as the sheep ^ve deaied 
a saffident space for tillage qperations, the lend should be 
plonghod about three inches deep. This ought to be done ae 
early aa poasible, ao as to obtain the ameliorating inflnenoea of 
froat upon the b^. The best oonOitionB of loil are a fine top 
and a firm bottom, and thia is beat obtained by early, dtaBow 
plonghing, followed by harrowing. Another advantage of a fine 
anrfaoe is that weeds apring rapidly, and are deatri^yad hj 
hairowing at sowing time; whetaaa, if plonghiag and aowing 
prooeed together, oharloiA, poppue, and oQiar aeedlia^ 
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appeax witib ihe yonng barley and prove tronbleaome. The 
plough ie oooasioni^y relinqui^ed for ihe onltiTiiior in prepar¬ 
ing land for barley with the view of aeenruig the oonditiou of 
soil and enbeoil idready indicated. Barley nuqr be sown ae 
early as the middle of Febroary and aa late as ihe latter part 
of May. March and April axe both good months, but genei^iy 
the largest crops and longest straw are obtain^ after early 
sowing. The s^ is deposited by the drill in rows 8 or 9 inches 
apart, and at tho rate of 24 to 3 bushelB per acre. The seed is 
not “pickled” previously to sowing, as in the oaae of wheat. 
Ko after cultivation exoept rolling is required. 

HABVaST. 

Barley being required for malting is allowed to ripen more 
thoroughly than wheat. If it were principally used for grinding 
into hour, the same rule of early cutting would apply to it as is 
found so dorirable in the case of wheat j but uniformity of 
germination or sprouting is not obtained unless the grain is 
ripe when it is out, honoo tho differonco in practice. Barley is 
out by reaping-maohinos or scythes, when tho beads are bent 
over and the grains are hard. It is very often carted loose or 
untied in the south of England, but in the north and in Scotland 
it is bound into shoaves. More caro is required in harvesting 
and preparing barley for market than wheat. Tho malt-tax, 
which is looked upon by most formers as one of their greatest 
grievances, tends to exaggerate the difference in price between 
the best and second-bost samples of barley. Tho same tax bos 
to be paid on both; therefore, it is advisable to buy first-rate 
barley, and pay tho tax upon it, rather than inferior samplos 
with tho same burden. Hence a groat demand for top samples, 
and oumparai.ivu neglect of those of second quality. Barley 
may bo “ put together ” in a riok too early, and become bitter 
and bigh-colonied from heating; it may bwomc dry (flinty) by 
too long exposnre to the sun; it may bo injnrod by rain ; or 
it may suffer from imperfect threshing and dressing machinery. 
Any of these causes may result in a considerable reduction of 
priro; and much careful management is required in order to 
bring a “ wolt got up ” good sample into the market. 

Barley roquiros to bo “hummelled,” or deprived of its awns, 
after it has been throshod. This is effected by a special appa¬ 
ratus attached to tho threshing machine, wbioh may bo 
described as a long cyliudrieul box plaood across the machine, 
one end being higher than the other. In the centre is a spindle 
turning rapidly by means of a strap and sheaf. Upon this 
spindle a number of radiating, blunt ^ives are spirally attached 
from one end to the other, and as those revolve they cut off tho 
awns of the barley, which, entering at the higher end, gradually 
passes through tho “ hummeller ” into a winnowing machine, 
where the awns are blown away. Barley may be defioiently 
hommolled, in which case it will weigh badly in the bushel, and 
l)e displeasing to the eye; or it may bo too closely drossod, and 
thus injured for malting. A bruised or broken oom will become 
mouldy upon its broken surface during the malting prooess. 


Shtrrii oat is another of Mt, SbeaUFa varieties; its 
chief point of exoellence is its earliness. It is thick in tho 
skin, small in the grain, and light in the bnsbel. This variety 
is known in Kelso market by tim sobriquet “ make him rich.” 

The Sand/y oat was fonnd by A. Thomson, herd-boy to 
Mr. Firie. It is strong in the straw, and liable to Uow ont. 
The straw assumes a fine golden colour some days before the 
orop is fit to cut; the grain is small, and refwmbles the potato 
oat. It is useful for soH, peaty soils. The ewrly Angus is nearly 
as early as the potato oat, and loss liable to be blown ont. 

The Poland oat much resembles an inferior sample of potato 
oats. The Canadian oat is qprery similar to the above. 
Besides those, tho Kildrummy, Borbachlaw, Friesland, Birley, 
and Cumberland early axe all well-known varieties. The 
Dun or winter oat is very hardy, and may bo sown in the 
autumn. It is characterised by a tawny-oolonred grain, and 
is very early in coming to maturity. The common Dun oat ia 
a rather late variety a^pted for poor elevated soUb. 


CULTIVATION OP OATS. 

In the aonthem, oastom, and western counties oats follow 
roots fed upon tho land; and in the north of England and 
Scotland they are, usually taken after one or two years’ grass 
(see Northumberland Botation, Vol. II., page 262). Oats are 
hardy, and grow to greater perfection in tho north than in the 
south. Tho large choice of varieties furnish suitable kinds for 
oveiy doss of soil, from the rich land whore potato oats thrive, 
to tho rough foils on which tho Tartarian ont famishes an 
abundant supply of straw and grain. Tho proiiaration of 
root-land for oats is similar to that for barley. When the 
crop follows lea, the land is ploughed about January, allowed 
to lie until a stole furrow is secured, drilled or sown broad¬ 
cast, and well harrowed. March ia tho host month for sowing 
oats, and from 24 to 3 bushels of seed will ordinarily be 
snflloiont. Oats are os a rule sown more thickly than cither 
wheat or barley. Bolling is all tho aftor-oultivation they 
receive, unless we include under this hood a top-dressing of 
gnano or some ammoniacal salt. 

No crop derives more benefit from change of seed than oats, 
and it has been shown that there is some advantage in mixing 
two varieties together for seed. Mr. Finnic, of Swonstown, 
obtained the following results per acre from different kinds of 
oats sown separately, and mixed upon eqnal portions of land:— 


Dan oats . . . bushels 76 
Sandy out(n]ichanged 

seed) 66 

Sandy oat(chaiigedsced)„ 61 


Totato oats , . . bushels 74 

Hopetown ... „ 65 
Early Augns . . „ 77 

Kildrummy.77 

When mixtures of two vorietios were employed— 

Hopetown and Kildrummy gave . 85 bushels per aero. 

„ and Sandy .... 80 „ „ „ 

„ and Early Angus . . 76 „ „ „ 

Potato and Early Angus ... 66 „ „ „ 

„ and Sandy.66 ,, „ „ 


OATS. 

All our cultivated oats belong to two species, Avena sativa 
and A. OrientaMs. Besides these, there are A. nuda and A. 
brevis, neither of which are grown in this country. The first two 
speoieB comprise npwaxds of thirty-two varieties, of which thirty 
belong to satwa. The two sorts of Orientalis axe known as 
white and black Tortaxian oats, and axe charactorisod by great 
length of straw, a long seonndato, or one-sided panicle, awned 
grains, and thick, not very well filled husk. They axe light in 
the bushel (39 lb.}, hut yirid largely, and fnroish good fo^ for 
work-horses. Both axe suitable for poor, exposed soils, where 
the finer olasses of oats do not snoceed. 

Tho varieties of A. satiaa ore generally well marked. They 
are conveniently divided into early and late, and among tho 
former the following ore the best known:— 

The potato oat, discovered in a potato-field in Cumberland, in 
1788. Panicle spreading on every side, hut rather compact and 
regular; straw inclined to be'short; grain white, short, plump, 
and welghiug as much as 46 Ih. per bushel; adapted for go<^ land. 

The lJo}<etown oat, raised by Mr. Patriok Sherriff, of Huo- 
goBWells, East Lothian; ripens a few days esxlier than the 
potato oat; not so liable to be blown out; straw longer and 
stronger; poaiole more spreading; grain rather mors awned 
and a shade browner in ooloux; and disthagaiahed by a small 
leddish mark in t&o centre of the front of the grain. 


Oats, of all cereals, should he ont early—(l)hecause they ore apt. 
to blow ont; (2) because oat-straw is a v^nablo fodder, especi¬ 
ally when oq,t soon. They are cut with the reaping-machine, 
tied np, stacked, and carried os in wheat harvesting; they require 
more time to dry than other cereals. In the North farmers 
“ gaitan ” oats, or set up individual sheaves tied loosely near 
tho head, and with tho bntt-end spread ont to give support. This 
allows a free circulation of air thiongli the gaitans, and when 
aufiiciently dry Ihsy are tied np into ordinary sheaves and oarriod. 
nvE. 

Seeale cereals is represented by common rye and St. John’s 
Day rye. Both axe used extensively aa forago crops (soo T(d. IH., 
p. 27). They sxe also, to a limited extent, grown for seed. Rye 
is suitable for light sandy soils, and in the north of England it 
is sometimes mixed with wheat, and grown under tho name of 
“ maslin,” This mixed crop oooupies soils which are considered 
too light for wheat; it ripens uniformly, and is sold for a price 
hut little below that of o^inaxy wheat samples. The St. John’s 
Day or Midsummer rye differs from common rye in being later, 
and in prodneing longer straw and ears, and more foliage. 


The cost of prodnoing the three foregoing crops may he 
approximately stated as follows 


a. 6. 


B. A 

i. d. 

s. a. 

Flougblng 6 0 

DriiUng 

. 110 

BoUng . 0 9 

TbresTting 8 0 

Harrowing S 0 

Seed , 

. 12 0 

HoxTestiiigU 0 

Winnowing 5 0 
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Wisnovioff inolndes oost of marketiD;. Th« whole amoonts | Bmolimg-lioaBe axe piled up in the refining furnace near the 
to £2 9b. 7d., to which ISa. may be added for rent, rates, i bridge, and aa they melt the liquid metal trioUee down, and 
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paeseB out into the basin, fresh ingots being inserted as the first 
batch melts away, until there is sufficient to fill the basin. The 
impurities, ptinoipaUy consisting of iron, whioh do not melt so 
readily aa tin, remain behind on the hearth of the furnace. 

Billets of green wood are now furaed into the molten tin, and 
I kept there for about throe hours. The heat causes the evolution 
; of gas from the green wood, whioh, in escaping, produces a 
I brisk ebullition of the metal, and a quantity of frotli, which' 
! collects on the surface. This froth consists, for the most part, 

I of the imperfectly reduced oxides, and is therefore sldmm^ off 
j from time to time, and returned to the furnace. When the 
i boiling has eontinued for the time above named, the billots are 
' withdrawn, and the metal is allowed to settle. The purest metal 


etc., making a total of 44 4s. 7d. 

An average crop of barley on fair land, well farmed, will yield 
from 35 to 40 bushels of grain, and from 60 to 65 bushels is a 
heavy crop. Oats yield very differently, according to variety. 

I^xtarian oats will produce 50 to 60 bushels, which is a mode¬ 
rate crop, up to above 100 bushels. An average crop of potato 
oats rouges from 45 to 50 bushels, and a 'maximum crop 80 
bushels per acre._ 

MINING AND (QUARRYING.—XVII. 

BT aKOBGB aiXDBTONE, F.C.S. 

TIN {continued). 

8MBLTINO—REMNiNO—rBOPBBTiKB OF TIN—USEFUL APPLi- | ^ ^^w be the Ughtest, and will therefore occupy the upper 
CATIONS—BBONZK ; ITS PBBPABATION AND USES PEW- portion of the basin; this is ladled out and jwurod into ingot 
TEB—BOLDER—UBE OF TIN IN DVEINO. ‘ ... - — - . _ . ... . . 

The whole of the tin ore raised in Cornwall and Devonshire is 
smelted within those ooavtios, in complianco with an ancient 
privilege granted some oontnrios ago. 

The process is a comparatively simple one, the metal being 
easily reduced from its oxide; but it has to undergo subsequent j and has, therefore, to undergo further treatment. 
operationH before it attains to its purest condition. The smelt- j The residues which are left on the hearth of the refining far¬ 
ing is performed in a reverberatory furnace, the ground-plan of ■ naoo are subsequently molted by increasing the temperature, 


i moulds to cool. Tho ingots first made will consist of the best 
quality, and are called refined tin; those which sttooeed,and whioh 
are sufficiently pure for ordinary purposes, are sold under the 
name of block tin. What remains at the bottom of the basin 
will contain too many imparities to yield a merchantable article. 


whioh is shown in Fig. 10, where 
two basins, a a, for the recep¬ 
tion of the molten metal, ore 
seen at tho side of thufumaoe. 

The bridge is at B, tho charge 
is introduced at c, and it is 
worked by the fumace-man 
through the opening at d. 

Tho bridge and solo ore hol¬ 
low, to allow the sir to circu¬ 
late freely under them for tho 
sake of modifying tho heat to 
whioh they are exposed. 

A oha^ consistB of about 
20 owt. dt ore, whioh contains 
on an average from 624 to 65 
per cent, of metallic tin: thisis 
mixed with about one-soventk 
of its weight of powdered 
culm, and a little slakod lime. 

Before being introduced into 
the fnmaoe they axe inti¬ 
mately mixed together, and 
slightly moistened with water, 
beoause if they wore passed in a dry state, such a fine powder 
would be blown up tho chimney by the atrength of the draught. 
The door is then shut and luted closely, and the tempera¬ 
ture of the fnmaoe is gradually raised, for six or eight hours, 
after whioh the door at D is opened, and tho molten mass is 
stinod to facilitate the separation of the Bcoria: from the metal. 
As soon as llie rednotion appears to be oomploto, ,the sooriee are 
raked out through the same aperture. That whioh is uppermost 
is thrown away os valueless; the next batoh usually contains 
about 5 per cent, of tin intmmixed with it, and is sent to tho 
stamiM ihat tlio metal may be separated by the moans previously 
desoribed; tho aoucia whioh stil} remains contains so much tin 
aa to bo worth smoliing again. All this being removed as far 
as possible at this stago, the channel leading to the basins, A A, 
is opened, and tho tin flows into thorn, the floor of the hearth 
being made to slope digbtly downwards for the purpose. Any 
scoria remaining mixed with the metal rises to tho surfooe, os 
it is of less spooifio gravity, and is then removed; the metal is 
lifted out with ladles and poured into-moulds to cool. The 
scoria of the second class, siter being stamped and washod, is 
added to that taken out ^terwards, and th^ mixture is oalled 
“ priUion." It is smelted by itself, and makes an inferior metal. 

ThI tin thus prepared is not, however, pure enough for use. 
Mid has therefore to be refined. The furnace used in this 
operation is similar to that above desoribed, except timt it has 
only one basin instead of two. This is usually abrat 4 feet in 
diaineter, by 2 feet 8 inohea In depth, and ia made of iron with 
a flre-plaoe underneath it, m it & neoeasaxy to keep the metal 
in the beain liquid lor some time. The ingots of tin from the 



and the alloy is mn out into 
another basin, where, after 
awhilo, it Boparates into two 
portions; the more fosible, 
consisting mainly of tin, is 
poured into .noulds, and is 
refined a second time; the re¬ 
mainder, whioh adlieroB to the 
sides and bottom of the basin, 
is regooted os not worth fur¬ 
ther treatment. 

The quantity of refined metal 
product is about 9 per oont. 
short of what it should be 
theoretically; whioh, consider¬ 
ing tho high valne of the 
article, is a serious item; it 
is a matter worthy of study, 
whether some of this loss can¬ 
not be prevented, or subse¬ 
quently reoovored. 

Pure tin is a brilliant white 
metal, whioh ia only very 
Bhghiiy acted upon by the 
air or by water, at an ordinary temperature, so that it will 
retain its brillianoy nnimpairod for a long time. It is too 
soft, however, to be used alone in the manufacture of utensils, 
as in order to secure the necessary strength snoh a thick¬ 
ness of tho metal would be required as to serionsly enhanoe the 
j cost; for such purposes it has, therefore, a fonndarion of some 
inferior metal, such os iron, tho tin merely forming an outer 
coating; or it is alloyed with a cheaper metal, snob as load, 
oonstitating pewter. In rospoot of hardness, tin ooenpies an- 
intermediate place between lead and pure gold; in oondnetivity 
for heat it is superior to lead, but is uiferior to zinc, iron, copper, 
or the preoious metals. Its specifio gravi^ is 7'29. It melts 
at a oomporatively low temperature, fiSO® Centigrade, equal to 
446° Fahrauheit. When exposed to a red heat it absorbs oxygen 
from the air with avidity, forming the peroxide of tin, which is 
a whitish-ooloured powder. The pnro metal is very malleable, 
BO that it oan be beaten out into foil of only sj|ssth of on inoh in 
thioknesB, but it is not very tenacious. It is of use in the arts, 
both in a state of solution and as an oxide; and it plays the 
port also of an ooid, forming valuable compounds wi& the 
alkaline metals. 

In considering the various appliances of tin, we will first take 
the principal aUoys into which it* enters, their preparation and 
ohaxwsteristioB. 

Bronse is an aUoy of copper and tin. HistoriosUy it is pro¬ 
bably the oldest of all oompound metals, and was perhaps used 
at almost as early a period as any pure metaL The eolleo- 
tions of Egyptian, Greek, and Boman ontiquitieB and coins 
in the British Museum furnish innumerable speoimens of this 
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alloy. Ab modern examples of its use we may mention cannon , 
(inootroctly called “braes guns”), belle and gongs, onr new i 
(i^in often mis-oalled “ copper *’) coinage, the statnes and lions ' 
in 'J^algar Square, etc. etc. In clhacaater it differs widely 
from either of its constituents. Tlie product is hard, tenacious, 
and slow to tarnish on exposure to the air. In respect of fusi¬ 
bility it occupies an intermediate place between copper and tin ; 
and the same applies to its density, though this is somewhat 
greater than the moan of its components. This anomaly in- 
oroasea with the proportion of tin employed; thus an alloy con¬ 
sisting of equal parts of the two me^s would theoretioally 
haTO a speoifio gravity of 8'09, but it is found by experiment to 
amount to 8‘79. 

In making bronze castings tho proportions of the ingredients 
are varied according to the nature of tho work in hand. For 
coins and medals about 10 per cent, of tin is used, a small quan¬ 
tity of zinc being also sometimes added. Tho object is to make i 
a Bufliciently hard alloy, so as to withstand a considerable amount 
of wearing, and yet one which will receive a sharp and good 
impression under tho die. 

A comimund largely used by engineers consists of copper, tin, 
and zinc, the tin being generally in larger proportions than 
above named. 18 per cent, of tin to 2 per cent, of zinc and 
80 per cent, of copper produces a very hard metal: by slightly 
increasing tho copxmr at tho expense of the tin, a more malleable 
compound will be obtained. A portion of the zinc may also bo 
replocid by lead. Another quality of engineers’ metal, which is 
advantageously employed in some parts of machinery, consists 
of 87 per cent, of copper, 12 per cent, of tin, and 1 per cent, of 
antimo-iy. 

Brass guns, as hoy arc commonly called, are usually made 
of an alloy oon-’au'iiig about 89 per cent, of copper and 11 per 
cent, of tin. i" view of tho great strain to which tho metal is 
necessarily snbjee* id, much care has to he taken in the casting 
of them—firstly, os to tho purity of tho materials, and secondly, 
as to the homogeneity of the alloy. Tlio smallest admixture of 
sulphur or arsenic will tend to make it brittle, and therefore 
liable to burst when being fired off; a very small admixturo of 
lead will make too soft a metal, and one liable to he rapidly 
acted upon by the heat generated in tho explosion of tho gun¬ 
powder. In making a bronze casting of the size of a cannon, it 
is a matter of no little difficulty to produce a similar alloy 
throughout, as tho tin is lighter than tho copper and has a 
tendency to separate more or less from it; so that it not nn- 
freqnently happens that the upper part of a large casting will 
contain a greater relative proportion of tin than the lower part, 
'riua will also affect the strength of flic gun, and is therefore 
by all possible moans to bo avoided. The metal is melted in 
reverberatory fumaoes, so arranged that the flame shall not 
produce on oxidising effect upon the charge; and tho furnace is 
raised to a high temperature. When the metals ore quite lique¬ 
fied, tho whole is well stirred up with a long wooden polo, which 
produoes an obnllition, as in the refining of tin, and causes an 
intimate mixture of the two ingredients. When the charge has 
been Buffioiently poled, the furnace being still kept up at its full 
heat, the plug is withdrawn, and the molten mass runs down 
the ohannel into tho moulds prepared to rooeive it. 

In easting statues and tho Uke, it is not so absolutely im¬ 
portant to ensure the purity of the materials and the thorough¬ 
ness of their mixture, os the weather test is the principal 
one which they have to stand. Even in this case, however, 
attention should be paid to those points, as copper suffers rapid 
waste by exposure, ond the good effect would be lost if one part 
of tho figure were to show moro oxidation than another. Many 
old statues will furnish proofs of bad molting, some portions 
being honeycombed and eaten away by weathering, while others 
are oomparativoly fresh and sharp. The now prostrate column 
of tho Place Venddme at Paris is a notorious example of the 
imperfect mixture of the tin and copper, the relative proportions 
in some segments being widely different from what ttey are in 
others. Though bronze, whatever tho proportions of tho ingre¬ 
dients, is always moro fusible than copper, it is nor by any 
means easy to make a very large easting whioh shall be satu- 
iMtory in oil respects; and the plan is therefore often adopted 
of making the figure in eeparate segmente, end afterwarde 
siting them by means of a hard solder, each as will be produced 
by a mi^re of three parte of zino to four of copper. 
(Kdoseal lions at the foot of Kelson's Column were oast in separate 


, pieces, and the lines of junction may be dlecovered on a close 
i examination, though they are not at all perceptible when looked 
i at from an ordinary distance. Another advantage in the adop¬ 
tion of this plan consists in the saving of material, as such 
figures are always made hollow. 

Bronze ie used for making bellB and gongs on aooonnt of tho 
Bonoronsnoss of this alloy. The most approved proportions are 
78 per cent, of ooi)per and 22 per cent, of tin; 69 per cent, of 
copper and 31 per cent, of tin also mokes a very hard and 
sonorous material; but the proportions and even the oonstatuent 
metals are often varied, a very common mixture being 77 per 
cent, of ooppei to 21 of tin and 2 of antimony. Zino and lead 
are frequently introdnoed at the expense of both tho prin- 
eipal ingredients, to make them more rcadUy fusible, but tho 
fineness of the tone ie sacrificed at the same time. In bell- 
founding the metal is melted in a reverberatory furnace similar 
I to that desoribed in casting cannon, bnt the whole of the tin in 
not introduced at once, about one-third being added after the 
rest of the alloy has been thoroughly liquefied. 

Speculum metal, used in the construction of reflecting tele¬ 
scopes, consists of an alloy of tin and copper in the proportion 
t f two-thirds of the former to one-third of the latter. It is 
v. hito, hard, and takcF’ a very high poliali: 73 per cent, of tin 
to 27 per cent, of copper also makes a very white and suitable 
metal for this purpose. 

Another series of very useful alloys of tin is comprised under 
the general name of pewter; but they are distinguished among 
themselves by other and sometimes higher sounding names. 
Familiar instances of the use of pewter arc beer pots and tho 
common liquid measures. The former should consist of 83 per 
cent, of tin and 17 per cent, of antimony; hut lead is very often 
used in part substitation of the latter metal, thongli the alloy 
suffers in respeot of hardness in consequence. The commonest 
pewter contains 80 per cent, of tin, the remainder being lead. 
When BO largo a proportion of the last-named luotol is used, 
there is some danger of its affecting injuriously tho liquids 
which may be put in the vessels, espceially if they should be at 
all acid. A harder pewter, used for making dishes, is obtained 
by the addition of a little copper. 

Tho Britannia and Queen’s metals, whioh axe largely em¬ 
ployed in tho manufacture of coffee-pots and the like, are also 
different varieties of pewter. The former is a compound of 
copper, zino, tin, antimony, and bismuth, tho relative propor¬ 
tions of which differ considerably according to tho fancy of tho 
manufacturer. Tho latter consists pruicipally of tin, witli a 
little antimony, bismuth, and load. In both cases tho alloy is 
modorateJy soft, and fusible at a eomparativcly low tomperaturo. 
Most of the utensils mode of these are cast in brass moulds. 
These are made in separate pieces, fitted together with great 
nicely, and held firmly in a frame. Tho interior surface of the 
mould is rubbed with oil, or some other composition which shall 
prevent the molten metal from sticking to tlio brasir. When 
cool tho mould is pulled to pieces, and the vessel inside only 
needs trimming and polishing. Many hollow vessels ore made 
on a wheel upon a principle somewhat analogous to that on 
which a potter forms cups and vases, only in this instance the 
instrument which fashious them is made to revolve and the sheet 
of metal is pressed against it; the body being thus formed, if 
handles, foot, or spouts are to be added, they are made separately, 
and then soldered on with a fusible alloy of tin, bismuth, and 
lead. 

Tin is an important ingredient in many varieties of solder. 
That used by powterers consists of the metals above named in 
variable proportions, acoording to the ebaxaoter of the work for 
which it is required. 50 per cent, of tin to 25 per cent, of lead 
and an equal proportion of bismuth form an approved mixture; 
at other times 33 per cent, of tin to 45 per cent, of lead and 
22 per oent. of bismuth are employed in preference. Flumbers 
use a oombinatiou of tin and lead: two-^rds of tho former to 
one-third of the latter forms a solder which has a melting-point 
of about 350*’ Fahrenheit; a mixture of one-fourth and throe- 
fourths respectively makes a less fusible aUoy, as it only jislts 
at aboni, 500". The most fusible of sll tho compounds ^ these 
two metals is a solder oompoeed of 60 per cent, of tin to 40 
per cent, of lead, whioh rndte at 334"; whether the proportion 
of either the one or the other oonstituent be inbreaaed, tho 
melting-point will rise, though the advance will be the more 
rapid if the increase be on tte port of the load. The solders 
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eontttiniiig bismuth bn still more fusible; bu bUo^ farmed of 
equal parts of tiie three metals will molt at 264” Fahrenheit; 
aaA t^ tin amount to 45 per cent, and the remainder oonsist 
of lead and bismuth in eqoal proportions, tiie meltinir'Pou^i' 
be as low as 202”, or 10° below the boili^-point of water. 

lbs is also on article of ifreat imiMrtanoe to dyers.- Several 
of the solutions of this metal, whioh are used by them as mor¬ 
dants and for bri{|^tening' oolonrs, have been alr^y referred te 
in Articles 11. to V., inolnsive, of “Chemistry applied to the 
Arts,” whioh treat of dyeing and calico-printing. Those in 
most general use ore the chlorides of tin; more rarely tlie ace¬ 
tates and oxalateB. In combination with the alkaline metals, 
as stannate of soda or potash, it is also of muoh service in fixing 
vegetaldo dyes. The ohlorides aro made by dissolving the purest 
groin tin in hydroohlorio acid, or a mixture of that and nitrio 
aoid. The tin should not be aU put in at once into the acid, 
lost tlte action and heat evolved should bo too rapid, the best 
solution being that whioh is prepared most slowly and with the 
least evolution of fumes. They are used in producing scarlet 
with cochineal. The stannntos, whioh are prepared 1^ decom¬ 
posing tite perohloride of tin with an exeess of caustic alkali, 
are muoh used in producing what are called by dyers “ steam 
colours,” the dye being fixed in their case by the oxidising action 
of the steam. 

Borne other appUcations of this metal, and those not by any 
moans the iMst important, must bo reserved for the next 
artiolo. __ 


SHIP-BUILDIN(}.—VII. 

BT W. H. WHITH, 

Follow of the Boyal School of Naval Architecture, and lUemhor of tbo 
Institution of Naval Architects. 

THE FBAUINO OF IKON SHIPS. 

Ik dealing with this subjoet it wiU bo advantageous to glance 
at the ordinary or “ transverse ” system of framing merofaont 
ships, before proceeding to notice otiier methods of oonstmotion. 
A very common arrangement is shown (in transverse section) in 
Fig. 20, reforonoe to which will render our description clearer. 

The main frames of ships built on this plan lie in vortical 
transverse planes, just as the amidship frames of a wood ship 
lie. They are uso^y formed of three parts—vk., the “ frame 
angle-iron,” which is fitted against the outside plating and 
livettod to it; the “reversed frame,” b, which is set back to 



back -mth the frame angle-iron (in tite enlarged section at b b) 
and riveted to it; and the floor-plate, whioh stretches from 
si^ to side across the keel, and nses to the height c. At that 
point ^e frame angle-iron and the reversed angle-iron are sepo- 
raM, in order to admit the floor-plate between them, the former 
being oonnacted to the lower edge of that plate, and the latter 
to its inner edge (as shown by tite enlarged section at A a). 
From the floor-plate upwards the fnmo shown consists simply 
of two angle-irons sot back to back and rivetted together, thus 
forming a double-flanged girder of great efBioienoy os compared 
witii a solid timber of square section. It is usual to continue 
the reversed angle-irons on alternate frames up to the upper 
deoktin sJl exuopt small ships, and on the interme^te frames to 
end tite reversed angle-iroas fnxtiier down. Into these details, 
however, we oannut miter. 

The ongl^irons for the frames and reversed frames can now 
be often obtained in one length from gunwale to keel; and oon- 
seqtaentiy tite labour and expense of welding or strapping pieoes 
togeCher is saved, whfle tiia atiengtii of the fraanea ii btawasefl, 


and the combination of the parts is muoh simpliflod. Floor- 
plates ore usually made of two or three pieoes welded or strapped 
together, but even when thus formed they are oonneot^d in a 
manner -that is superior to any joint made in the timbers of a 
wood ship’s frame. 

The simplicity and strength of soldi a oombination as this 
cannot foil to be remark^, when it is oompored with the 
elaborate arrangements unavoidable in a wood ship’s framing. 
Neither in providing the materials, nor in shaping tiiem to the 
desired form, nor in combining the various pieoes, bos the iron 
Bhip-buUder any serions difficulty. The angle-irons ore heated, 
bent, and bevelled -with ease; the floor-plates ore also readily 
fashioned; and the whole frame can be completely fastened to¬ 
gether before it is raised. In fact, it is by no moons unoommon 
to find the dock-beams also fastened to the frames before they 
are hoisted into place, and this operation oan bo performed 
withont cansing any considerable ohongo of form in the 
frames—a good evi¬ 
dence of their indivi¬ 
dual strength. 

When treating of 
the transverse strains 
of ships, in a former 
paper of this series, it was pointed out that the resistaucc offered 
to any ohangos of form by tbo framing, plating, etc., at a 
cross-section, resembled that of a hoop-Hhapod girder. It may 
not bo out of place bore to consider this matter a little more 
closely, and to attempt to gain on idm of the respective uses of 
the parts of a frame, such ae is shown in Fig. 20. In ordinary 
iron ships tlio distance between such frames would bo something 
like two feet, so that we may supposo each frame to have as ite 
duty the support of a foot-broad strip of plating on either side 
of it; whioh strip of plating, being rivetted -to one of the flanges 
of the frame angle-iron, also helps to stiffen the frame. This 
mutual support is obviously an advantage os well as a necessity; 
bnt the nse of the reversed frame, u, is a no less important 
feature, seeing that it provides on inner flange whioh would other- 
wiso be wanting to the sections of the frame both at A A and B B. 
The outer flanges of those sections aro nocossarily largo and 
strong for the reason just stated, and in order -to folly develop 
their strength it is desirable to make the inner flanges also a.-! 
strong as possible—other words, to use largo reversed 
frames. 

The advantages resnlting from the use of floor-platus are also 
obvions. By this arrangement great strength is provided, with 
a comparatively small expenditun of material, at a part of the 
ship where severe local stnuns as well os considerable bonding 
strains may naturally bo expected to occur. If, for example, a 
vessel -takes -the ground on her keel, and is otiiorwise unsup¬ 
ported, there must arise a severe bending strain tending to 
break the floors across; but their groat depth would probably 
enable them to resist all snoh strains. The greatest intensity 
of strain wonld, of course, be exporionoed near the middle-line, 
and as the distance from the middle-lino became greater -the 
strain wonld diminish; henoo we find ship-bnilders gradually 
reducing the depth of the floor-plates from the keel out to the 
bilges. Neither floor-plates nor reversed frames woio used in 
some of the earlier iron ships, the frames of whioh were made 
up of single angle-irons; bnt the weakness and disadvantages- 
of the plan soon became apparent, and led to the introduction 
of this present arrangement. 

In the case Ulnstrated by Fig. 20 the keel is formed of bar- 
iron, and marked r. This is -the moat common fom of keel, 
and it is easily worked, the bars being rolled in oonsiderable 
lengths, and oonneotod either by soarfs or welds. Many 
other forms of keel have, however, been used, and much might 
be said respecting them, did space permit; it must auffioe to 
refer to one or two only. In Fig. 21 on arrangement is illns- 
trated which is often need, and is known as the “side-bar” 
keel. The floors do not cross the middle-line, os in Fig. 20, bnt 
are abutted agomst a oontinuoim “ eentre-plate,” which pro¬ 
jects beyond &eim both above and below. On either side of 
the lower port of tiua plate a sifle-bar ” is fitted, and by 
means of ihrongh-rivetting the three thicknesses are formed 
into a keeL The floor-platen ore oonneoted to the oentre-plato 
by mesas of short vertioal angle-irons, and other means aro 
generally taken to strongly oonneot tite two aides. One of tbo 
most Qconihpn ooimeetionB in auoh oaies ia made hy paoing a 
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Blunt utgle-inm (bdoIi aa a. a. is Fig. 21) tbrongli a dot oat in 
tbo oentre-plate, and rirattiag it to floor-platea. 

lUte Btrake of plating next the keel, stark^ o in Fig. 20, ia 
fXBiMQy termed the “ garboard strake,” and ie a little thioW 
then the adjacent plating. Its lower part is flanged ao oh to 
fit against ^ side of the keel, and the garboards on both mdoa 
are eeonred by riTots passing throogh the keel. With the side¬ 
bar keel the garboards ace sinularly formed and fastened, and 
in this oaee great oare is reqoked in order to shift the bntts of 
the side-bars, the oentre-plate, and the garboards, and to OToid 
any specially weak section. With bar keels it is sometimes 
eonsidered desiiable to “rabbet" the garboard strakes into the 
keel, bnt tbia is a more expensive plan than that illustrated in 
Fig. 20, and is not so commonly used. 

The only other kind of keel to which we shall refer ia that 
known as the “ fiat-plate” keel. Hereafter an illustration of this 
will be given, and for the present it must be simply described 
as a plan which does away with iho external keel, and substi¬ 
tutes for it a thick middle-line strako of plating. If in Fig. 20 
we conceive the bar keel to be removed, and the garboard 
strake to be simply mn across under the floors to the other side, 
a very good idea of the plan referred to will be obtained. 

Whatever form of keel bo adopted, it is usual to have the 
stems and stern-posts formed of solid bars or forgings. The 
simplest oase is that where a bar keel is used, and the stem is 
strictly speaking a continuation of the keel, being, like it, 
formed of bar-iron. With either a flat-plate koel or the side¬ 
bar arrangement the same kind of stem would bo used, but 
special means of conneating the stem with the keel proper 
wonld bavo to bo dovisdd. Much the samo thing is true of 
the stem-posts, which are, however, obtained with more diffi¬ 
culty than the stems, being necossacily more or loss elaborate 
forgings, according to the character of the vossol. In the case 
of a sailing ship or paddle-wheel steamer one post is snfficient, 
and it requires only to bo so fashioned as to uarry the rudder 
and be readily oonnouted with the after-end of the keel, os well 
as with some portion of tho hnll of a ship. But in sarow-shipa 
two posts are usnally fitted, and the forging required is maoh 
heavier and more elaborate. Still, even in suuh oases, it is ens- 
tomary to weld the whole into one solid mass before lifting it 
into place, and soenring it to the keel. 

Teansverso framing ia usually maintained tbronghont the 
whole length of iron merchant ships, with tho exception of tho 
stern proper. Very few iron ships have any oant-framos, nor is 
there the same reason for adopting such an arrangement as 
there is in a wood ship. The stem-framing of iron ships is of 
a very much more simple character than that of wood ships, 
and usnaUy has for its base tho aftermost sqnare-frome, against 
which most of the canted stem-frameB heel. It is scarcely 
necessary to add that even at the very extremities there is no 
difficulty whatever in bending and bovolling iron frames to tho 
required fram, and combining them with floor-plates; in fact, 
the only noteworthy difforenoos between the framing at those 
parts and that amidships arise from the differences in tho 
ship's form. As a consoquonoo iron ships reqwro no substitute 
for the deadwood of wood ships, nor have they usnally anything 
equivalent to the apron or stemsou commonly fitted in wood 
ships. Sometimes the bows of iron ships ore strengthened by 
-breast-hooks formed of plates and angle-irons. Snob supple¬ 
mentary strengthenings, although of great valne, ore, however, 
not nearly so mnoh required ia iron as in wood ships ; and it is 
no small advantage to the former class, that sufficient strength 
con he obtained in them wiihont using largo weights of mate¬ 
rial simply for the purpose of sucoouring and reinforcing parts 
that are in themselves weakly oonneeted. 

Towards the extremities of on iron ship the frame angle-irons 
often have considerable bevelljng, and the rule is to pl^ them 
so that their two arms, or flanges, may always contain an obtaae 
angle, or have what ehipwrights term “standing bevelling." 
^Ikis role is based npon the ^t that angle-irons are femnd to 
ke ^ weakened by opening thorn out from the right-angled con¬ 
dition ia which the manufacturer sapplies them, than they ate 
when ctosed in, or worked to “mndar-bevelling.” In order to carry 
it out, ehip-bnildem place the frame aagle-irwe on the after-aidie 
of tbs flow-plates in the fore-part of the ship, and on the fere- 
mde in the a^r-part. As the reversed frame is always plaoed on 
the oppodte tide of the floor-plate from that on which the frame 
angle-iMin cornea, it also has always a standing tevelling. 


Ml 

Withont entering mto farther detsilB, we must proceed to 
notice the provisious of framing nsoally made to strengtlmn an 
iron ship against longitudinal bending strains. It has already 
been points ont that ogamst snoh strains, which are by far the 
most severe a ehip has to bear, transverse framing is altogetW 
ineffective; and this fact will become clearer if the case of an 
iron ehip is oonsidored. At a oress section (snoh as is partly 
sbown in Fig. 20) there mast necessarily be a line of dlosely- 
spaced rivet-holes pierced in the outside plating, in order to secure 
it to the frame angle-iron, and sneb a line consequently forms an 
una/void<My weakened section along which the plating is more 
likely to give way than it is between the frames. Now if frac¬ 
ture ooeurred the transverse frame oonld obviously lend no aid 
to the plating, which could bo helped only by some strengthening 
piece which crossed the weakened line. This is the great objeo- 
tion to the ordinary or “transverse ” system of framing which 
we are considering. It was copied at first from the plan that 
had been long in uso in wood ships, where it was a neoes- 
aity. It has many advantages in point of rapidity of con- 
struotion and obeapness, and it bos the groat advantage of 
being tborougbly understood on aooonnt of its long use. But 
its radical defect is that the main frames are available only 
agaLust transverse strains, and inoffeotnal against the far 
severer longitudinal strains to which ships, and especially long 
ships, ore anbjeotod. 

The earliest iron ships were comparatively short and small, 
so that the transverse system of framing answered very well in 
thorn; but as the lengths and sizes of ships have been increased 
it has become necessary to supplement the transverse framing 
by longitudinal pieces running througbont tho length of the 
vessels. A very great variety of form has characterised the 
longitndinal strengthoning^ employed, but the common practice 
has been to fit the larger number from the torn of the bilge 
downwards, and to have only a few between the ending of the 
floors (c in Fig. 20) and the lower decks of ships. Ibis arrange¬ 
ment has bod the effect of strengthening considerably what we 
have termed in previoos papers the “ lower flange cf the girder" 
formed by tho ship, adding to its powers of resistanoe both to 
longitndiml bonding strains and to local atraina. As a matter 
of fact, ordinary iron ships mnoh more &eqaently display weak¬ 
ness at their upper docks and top-sides than they do at the 
lower portions, so that there ia reason to consider the strength 
of the bottoms as generally sufficient, although it may not be 
obtained in the best possible way. 

The longitndinal strengthenings used ore named “ middle-line 
keelsons ” (snoh as K in Fig. 20), “ side-keelsons ” (sneb as d), 
“ hold-stringers,” “ bilge-keels,” etc. Ordinarily the middle- 
line keelson in a ship with a bar keel is made to run along npon 
the inside of tho reversed frames, os shown in Fig. 20, and 
underneath it a tiiort piece of angle-iron is worked on the tide 
of the fiosT-plate opposite to that on which the reversed frame 
is fitted, in order to strengthen the connection of tho keelson 
and the framing. Tho I-shapo shown in the sketch is com¬ 
monly used, but “ box keelsons," or keelsons formed of two 
angle-irons sot back to book or having a bulb-plate between 
them, and other sectional forms are ^o employed. SimilAr 
differenoes exist in the forms of tho sido-keelsons need, os well 
as in the hold-strin^rs, tho latter being very commonly formed 
of two angle-irons sot back to back. Th^ is obvionsly a 
great simplicity of workmanship in keeping all sneh strengthen¬ 
ing inside the framing; but there is this serionB disadvan¬ 
tage, that there is then no direct connection between the 
stiengthenings and the ontsido plating which it is their great 
duty to snoeonr. After mneb disonssion tite opinion seems now 
to ^ gaining ground, that it is preferable to sacrifice ease of 
workmanship to the other consideration! and to make at 
least some of the side-keolsons “inter^tal,” like n in 
Fig. 20, in order to directly connect them with the outside 
plating. On referring to the sketoh it will be seen that the 
keelson n consists of short platas fitted between the frames 
or ribs (honoo tho name “interoostal ”), of equal depth with 
the floor-plates at that place. The lower ed^ of these 
ore directly eonneotad with the outside plating by tiiort longi- 
tudinal pieces of angle-iron ; and their ends are secured to the 
floor-plateB by other angle-inns. Their inner edges are over¬ 
lapped by the lower port of a “bulb-plate" to wmbh they ““o 
rivetted; *hia plate u oontinnons, os are also the two angle-irons 
I oonneoting it to the reversed frames. Many xnodifiaationa of 
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lihia anugmiiast will at ono* Boggwt themi^TM to one 
•ognaiated with ahip-bnildiasTt bat in all of theae modifioatioBB 
fffiTTtr prinoiple of diroot oonneoticni between the keelaon and 
the ontaide plating onght to be earned ont. In aome ooaea 
bnilden have aonght by aimilar meana to make a direct oon- 
neotim between the middle-line keelaon and the bar keel, but 
thia ia Ima oommon. With a aide-bar keel (anoh aathat in Fig. 
21j the oentre-plate forma a oontinnooa longitudinal strength¬ 
ening, and obviously combines keelson and side-burs in a very 
satisfactory manner. In that sketch also is shown an example 
of what ia termed a “ flat-plate keelaon,'’ examples of which are 
beqnently met with in shipa with other than side-bar keels. It 
may be added here that in vessels with flat-plate keels it ia by 
no means nncommon to have a centre through-plate (or “vertical 
ked’’}, and other middle-line arrangements, resembling in 
character those shown in Fig. 21, with the difference of the keels. 

In a large vessel there might bo two or more sido-keelaons 
between the middle-line and the turn of the bilge, besides 
hold-stringers above that height. The minimum numbers and 
dimensiona of these strengthenings are stated in the rules which 
gnide private builders, but in some cases more are fitted than 
the rnlaa require. Bilge or aide keels are also commonly used 
in order to strengthen large iron ships, being formed much in 
the same way as the hold-stringers, but rivetted on the outside 
of the bottom plating. Such keels, besides strengthening the 
ships, help to check both rolling and lee-way, and in most cases 
these are the primary objects for which they ore fitted. 

^ Ity all those arrangementa considerable lonptndinal strength 
is given to the lower parts of ordinary iron ships ; but in order 
that the material used in the strengfthenings may be properly 
effidont, great care is required in arranging and fastening the 
butts or Boarfe of the various plates and angle-irons. It is 
possible, as we have seen, when iron is used to join two pieces 
together so that they will resist either tensile or compressive 
straina, and thia fact makes it easy to form strong longi¬ 
tudinal ties in an iron ship and to supplement the transverse 
framing. But if no care is taken to secure the butts and scarfs 
of the keelsons, etc., they become worse than useless, and thero 
have been very many instances of such neglect. That they 
may be thoroughly efficient, all such longitudinal strengthonings 
murt be made to approach as nearly as may be to continuity of 
strengtii, and not left in detached pieces or stopped short at 
bulkheads. In order to render our meaning plainer still, wo 
will consider what would have to bo done in arranging and 
fastening the butts of the continuous bulb-plate and angle- 
irons in the aide-keelson D in Fig. 20. Hero three pieces have to 
be combined, and indirectly associated with the stiake of ontsido 
plating to which the intercostal plates ore attached. We will 
suppose the butts of this strake of plating to be fixed, then it 
wotUd obviously be advantageous to keep the butts of the 
keelson dear of the butts of the plating. Xo diffionliy would 
bo experienced in doing this, because the bnlb-plate oonld bo 
rolled in lengths, say twice as groat os the outside plates, and 
so also could the angle-irona. Starting, therefore, from the 
butts of the outside plating, it would be easy to place the butts 
of the bulb-plate dear of them, or to make them “ shiftand 
having fixed the latter, to place the bntta of the ti {0 angle-irons 
so as to give shift to each other, to the butts of the bnlb-plate, 
and to those of the outside plating. This operation is what we 
have termed the arrcmgemenl ^ the butte; but it is also 
neoessaiy to care for their fastening, and^n the case considered 
all the butte of both angle-irons and m the bnlb-plate too 
diould be strongly seonred by straps. The illustration is a 
very simple one, but it will serve to indicate the kind of work 
that has to be done in many more difficult parte of the work of 
ship-building, in order to sacura good combinations. 


TECHNICAL DRAWING.—LVIIL 

gothic stonewobk. 

SBCOBATXD wiimows (continued). 

Tbu ^dow h«e given (Fig. 504) is a specimen of the flowing 
Deoorated. An example of a simple ohatacter has been chosen, 
to enable the stodent to eopy it without much difficulty. 
ffiviaens ^ the panes are ^erdore omitted, in order to diow 
the osi^rea from rritioh the varioua onrvea are stmde. 

Towards the dose of the imgn of Edward in. the oniUaes of 


window tracery b^an to riiow a tendency to adapt itself to the 
vertioal besiings of the' mnUions, instead of brandting oft from 
them in flowing undnlationB. This, the death-blow to flowing 
tracery, end with it to Deoorated Gkitbio, gave rise to a new 
variety, at present known by the name of the Ferpandionlar 
style. Here, however, as in the^revions ohangea, the alteraition 
was very gi^nal, consisting at first merely of the introduotion 
here and ibore of a perpendicular member into a design in other 
respects flowing in oharaoter; and this vertioal bearing of the 
mnBiona ia tire foundation of all Ferpendionlor tracery. 

Circular windows, filled with beautiful traeery, are often met 
with in large struoturoa. Windows in the shapw of squares^ 



trefoils, quatrefoils, spherical triangles, hexafoiled drolea, etc., 
are also frequent, but are generally of small sixe, and are 
nsnally seen in subordinate sitaations, such as in oterestories, 
gables, etc. 

SXOORATnn xnqlisb bdttbbssbb. 

These are not in some instances easily distingnishable from 
those of the Early English period, for they eometimes consist 
merely of plain pieni, with one or more slopoa or set-offs, with¬ 
out any farther decoration; bat in many caeee they may be 
known by being set diagonally at the angles of tiie bnildtegs, 
whilst, os has already been statsd, those of the preceding 
periods were let at right anglee to the two walls. Even this, 
however, most not be taken as an absolnte rule, for some 
DecoraM buttresses are similarly plaoed. Hie dietinotions will 
therefore principally Be in the monldinge, tiie finials, erodcrie, 
eto. In rioh examples the fooes am often recessed for niches, 
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wbioh uw ramionated by nob ouiopiM, MsaU bnttrenoB, 
pinaaolM, eta. The battreos seldom reaves above the parapet, 
unless snmunmted by a pinnaole, whioh is mostly of an elabo¬ 
rate doeoription. 

The pax^et is frequently used in the Deooiated period, and 
is often pierood in various shapes—such as trefoils or qnatre- 
foils—inserted in the spaces left on either side of an undulating 
znonldii^e 

DIDCOIUTIID BKGLIfiH HOirXsDlNGS. 

These are, as a rule, larger and bolder than those of the Early 
English period, and are arranged vrith a more studied regard to 


arch_ moulding of one of the pier-arohes, in Chester Cathedral, 
adjoining the central tower, and exhibits a form of moulding 
whioh is of ocmstant occnrrenoe in Deeorated work. This is the 
“wave-moulding,” or swelled chamfer. It is fittle more than an 
mdinary ohamforod edge, with a slightly-sunk ehannel on each 
side, thus raising^ the middle portion into a curved or swelled 
fora. The arch in question is of three orders, each chamfered 
with the wave-moulding. The curve of the wave-moulding is 
struok from the three points of an equilateral triangle (Pig. 508). 
A group of two or more wave-moulds, with intervening hollows, 
was a common and moat beautiful Decorated arrangement. 



Fig. 504.— ^WINDOW AITOBDINa AN ICXAKFLE OP THE PLOWING DECORATED STELE. 


^eots of light and shade. The somewhat monotonous This moulding was also of frequent occurrence in Forpendicnisr, 
jjmilarity of nnmmxius small members is no longer found, and though belonging to the former period; its presence alone is, in 
tlm eye is at once arrested by two or three prominent forms, the absence of other criterion, nearly sufficient to stamp an 
whose brood shadows produce the leading lines in a suit of example in which it occurs as ^corated. 
mouldings, rad divide tiie whole into masses, whilst numerous The method of covering flat surfaces with ornamental patterns 

smaU mouldings produce a streaky efiect. Fig. 505 is a section in low relief has been spoken of in connection with the Early 
pier-arch of St. Oswald’s, Chester, in whioh will be English, and it continued to be extensively used in the Decorated 

oMerved one prominent member in each order—a fine roll and period. One of the most beautiful diapers of the time exists in 

rart in the first; another diflBwwntly set in the second; and a Canterbury CathedraL The design is composed of a flower of 
TOld round and hollow in the third. So, also, in the pier-arch of six leaves in low relief, within a hexagonal compartmd&{| the 
the nave of the cathedral (Fig. 506), wo have a remarkably bold sides of whioh are formed by the sides of six spherical triangles, 
in the second, rad a roll and hollow in the third, and are foliated with^. A great number <rf other beautiful 

w V tiiese," says the Eev. T. N. Hutchinson, rad patterns in diapers were used in this style. The origin of the 

traA author has often observed, “ is very striking whou name has been a sonree of dispute: it is supposed to be taken 
tweived in full sunlii^.” Fig. 607 is a section of the pier and from a kind of cloth worked in separate patterns, and which 
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WM iben, u sow, mtush used under the name of dyac^ or 
dio^fvr, originally d’Tpret, the obief manafaotory being at Yprea, 
in Bel^wn. Of this apoeies of deooration, Hr. Brandon aaya: 

It is a peoaUar obaraeteristio of pare Gothic that all mould* 
ings, panelling, or aaniptuie were always aunh from the face of 
the work. Snob an arrangement is the natural reenlt of a 
style, adistingniebingtypo of wbiob was only to introduce orna¬ 
ment at an embellithment to construction. Thus, a capital 
would naturaJly be corbelled from the pier, the bettm to carry 
the superincumbent ^ght; hence its subdivision into head 
mould, and bell and neck mould. Panelling resulted from a 
desire to enrich that which would otherwise have been a flat 
surface, and consequently was wrought out of the face already 
existing. A row of dog-tooth generally exemplifies very woU 
how ornamouta also were worked out of the block. As the 
debasement gradually crept in we find the contrary to have 
taken place.” _ 


SEATS OF INDUSTKY.—XXII. 

PHILADELPHIA. 

BY WILLIAM WATT WCBHI’SK. 

The story of the origin and growth of Philadelphia, the largest 
city in Pennsylvania and the second largest in the United 
States, is exceedingly interesting and instructive, and is in many 
respects peculiar and oven unique. It is a striking ezamplo 
of ^e extraordinary influence that one or two energetic, philan¬ 
thropic, and able men can, in certain circumstances, exordse 
over the fortunes of a town. Pennsylvania was originally colo¬ 
nised by Swedes, who Bottled there in 1638, under the protection 
of their native country. Previous to the oonqnest of the New 
Netherlands by Groat Britain in 1664, considerable numbers of 
Dutchmen and Pinlonders had also established thomaolves on 
the banks of the river Delaware. About eighteen years after 
this event, William Penn obtained a charter from Charles II. 
granting him proprietaty and governmental rights over tho 
province. Daring tho years 1682 and 168.% large numbers of 
immigrants, ohiefly members of the Society of kMouds from Wales, 
arrived in Pennsylvania and purchased land. The foundation 
of a largo town from the first formed a part of Penn's scheme 
of colonisation, and the rapidity with which he aooomplished 
this undertaking was very remarkable, and probably unpreoe- 
donted. In choosing the site on which Philadelphia stwds, Penn 
showed great discrimination. The spot ho fixed upon was a 
neck of laud formed by the bending towards each other of tho 
rivers Schuylkill and Delaware, abont six miles above their junc¬ 
tion. Ho justly described it os a situation ” that seems to have 
been ap]>ointed for a town, whether we regard the rivers, or the 
conveniency of tho ooves, docks, and springs; the loftiness and 
soundness of the land and air; ” adding that “ of all places in 
the world ” ho remembered “ not one bettor seated.” In dealing 
with tho Indums, Penn acted with praiseworthy prudenco and 
justice. Notwithstanding bis ohartor, bo purchased the soil 
from them at an equitable price, and tho young town in conso- 
quence seldom snffered from the hostility of tho natives of tho 
district. Tho pulley then adopted was pursned by the Consti¬ 
tuted Government after the American Kovolution, whpu the State 
of Pennsylvania made additional purchases from tike Indians. 
Philadelphia was also singularly exempt from other evils, such 
as scarcity of food, to which young towns placed in similar oir- 
onmstanoes are usually subjected during the earlier years of 
their existence. By 1683 l^ladelplua contained 357 houses, 
and three yoars later tho number had boon increased to 600. 
In 1684 the population was estimated at about 2,500. The 
town was formed on a woll-definod plan, in which Penn is said 
to have attempted to realise idea he bad formed of anoiont 
Babylon, and the existing city is, with slight modifications, 
built in aooordanoe writii tho origin^ design of its founder. In 
1700 a Swedish ohuroh was built ou the site of a wooden church 
which had been ereoted in 1677, five years before the settlement 
of the Welsh. Tho first American newspaper, the Weekly Mer¬ 
cury, was published at Philadelphia in 1719, and nine years 
later VbSS Qatette, edited by Franklin, waa esteblished. ^ere 
were 1,$00 houaes and 18,000 inhabitants in Phihefidphia in 
1744, and five yean later, Dr, Benjamin Fianklin, next to ite 
founder the graotest benefactor ci ^ a%, and others oarsInUy 
counted the mmsee, which wnte fonnd to number 2,076, exdueive 
of 11 ohnrohes. la this saipie yeav, 1748, about 20,000 inuai* 


grants, one-balf of whom came from Germany, and the other 
half from the north of Ireland, landed at Philadelphia. Dnring 
the revolutionsjy wars, the oily wae the scene of several impor¬ 
tant events. There the Declaration of Bights was adopted and 
promulgated in 1774, and the Deoloxation of Independence was 
issned &om it in 1776. In 1777 it was oooupied by the British 
forces under General Lord Howe for nine months, and at that 
date its population amoonted to 21,767. The convention that 
drew np tho oonstitution of the United States met in Philadel¬ 
phia in 1787, and in 1790 the first Congress under this Consti- 
tntion asBombled there. From that year till it was supplanted 
by Washington in 1800, Philadelphia was the capital of tho 
Union, and it continued to be tho most poputous oily in the 
Amerioau oontiuont, till it was outstripped by New York, about 
a quarter of a century after tho Declaration of Indopondenoo. 
The State Legisture also removed to Harrisburg in 1800, so 
that Philadelphia ceased to bo the political capital of Pennsyl¬ 
vania at the same time that it ooased to bo the seat of the 
General Government. 

In 1810, PhUadelphia contained 96,664 inhabitants ; in 1820, 
119,325; in 1830, 167,811 ; in 1840, about 200,000; in 1850, 
340,045; and in 1660, 562,529. At the pifesoiit time the city 
occupies about 12 square miles of ground, and is about 5 miles 
in length by about 3^ miles in breadth. It is divided into square 
oempartments, the wide and well-paved streets crossing each 
other at light angles. Tho houses ore plain structaroH bnllt of 
red brick and marble, and there are five squares laid out as parks 
iu different parts of tho city. It is abundantly supplied with 
water, drawn from the Schuylkill by powerful and ingenious 
water-wheels, and ooUooted in extensive dams and reservoirs 
ereotod at Fairmount, a pictuiesqne eminouoe in tho vicinity. 
Tho water-works cost 432,512 dollars. Philadelphia is remark¬ 
ably clean and neat, but owing to tho unbroken uniformity of 
its streets, it has a rather monotonous appearance. Most of 
the thoroughfares are planted with trees, and tho stops of the 
outer stairs of a vast majority of tho houses are constructed of 
white marble, and the tops of their outer railings are of brass. 
The eoutrost thus secured is very pleasing. A large proportion 
of the public buildings of Philadelphia, which compare favour¬ 
ably with those- of any other city in tho Union, are either wholly 
oonstcucted or fauod with tho beautiful white maihle, which is 
fonnd in abundance in the marble quarries of the uoighhouting 
counties of Montgomery and Chester. Among the edifices most 
romarkablefor tiieir architectural beauty are the Custom House, 
origrinaUy built for the United States Bank, a fine Grecian 
structure on tho model of the Parthenon at Athens; tho Penn¬ 
sylvania Bank, a marble building which has on each front a 
portioo with six Ionic columns; the Girard Bank, an edifice 
eased in marble and adorned with a Corinthian portico ; Girard 
College, a noble pile entirely surrounded with a colonnade of 
Corinthian columns; tho Merchants’ ISxcliange; the Mint of tho 
United States; tho Post Office; and the Masonic Hall. The 
State House, where tho Declaration of Independence was framed 
and signed, is the building most noted for its historical associa¬ 
tion. Independence Hall has been carefully preserved in the 
state it was in when tho founders of tho American Bepublic held 
their deliberations in it, and it oontoins a statue of Washington 
which, though executed in wood, is considered a striking hkeness 
of “the father of his country.” There is an extraordinary 
nnmbor of churches in Philadelphia, estimated at some 350, 
including about 60 Episcopalian, 71 Presbyterian, 30 Human 
Catholic churohoB, and two synagogues. The United States 
Arsenal is on extensive establishment, and from the navy yard 
some of tho largest men-of-wor belonging to tho Bepublic have 
been launohed. In the north-west quarter of the city stands the 
State Penitentiary and County prison, a massive granite building 
in tho castellated Golbio stylo, planned on what is called the 
panoptioon prinoiple, oomprisiug upwards of 400 culls, radiating 
from an octagonal tower in tho oentro, where tho sentinel has 
all the doors in view at onoe. 

Philadelphia is noted for the number, extent, end oxcollonoo 
of its educational, literary, and benevolent institutions. It con¬ 
tains 4 colleges, 2 high sohosls, 54 grammar sohools, and con¬ 
siderably mere than 250 eohoole of lower grades, with edifices 
owned by the oily. We shall give a special notioo of some of 
the most important eff these in our next paper, and show 
briefly the present state of the home and foroigii trade and 
oommeioe of Phlladdphia. 



TEE LATHE. 


155 


THE LATHE—V. 

Bf HziriiT Hobthoott. 

SUDX-IUSBTB: THXIB UaXB AND ADVANTAQEB. 

It is seen that by doable geoiiag’ and the employment of steam* 
power, any epeed and any roqoi^ force can be obtained, whilst 
the lathe xotutes quite independc^of any exertion on t^ part 


natrue work. It is much more difficult to keep the tool quite 
still against a out than to keep it moving in any required 
dizeotion. It is an easier matter to turn an article of curred 
or irregular outline by hand tools t^ to produce a regular 
qyliudm imrfeotly parallel or a perfeotly plane surfaoe by the 
same means, and the diffioulty increases with the size of the 
artiole. When work of the latter kind ^oame often required it 



of the workman, although perfeotly under his control. The 
tumer’a work consists oonsequentiy solely in applying and 
guiding the cutting tool, and to this he is enabled 1x> devote the 
whole of 1^ attention and energy. The labour for light or 
ordinary moderate heavy .turning is neither fatigoing nor 
difficult; bat when artioles of large diameter have to be turned, 
considerable foroe has to Ue exerted simply to hold the tools 
against their outs, and prevent them removing matonal where 
norm k required to be removed. It ia also quite impossiblo to 
keep the mneolea pcwfeotly still, and ohsolutely under control, 
BO ^e tools ore very apt to be unsteady also, and to produoe 


was found necessary to substitute for the human hand some 
more rigid if less accommodating appliance for holding the tools 
against their outs; and the instrument termed the “slide-rest,” 
as now constmoted, perfeotly supplements the uncertainty of 
the unassisted hand, and for sndh work as in performing which 
the hand is most nnoerttun and nnreliBble the action of thmlido- 
rest is very complete and efficient. 

Suppose a piece of work in the lathe, and a tool held in some 
rigid holder in snoh a position that its cutting edge acted upon 
the work, then aa the work rotates the tool will obviously out 
away the pn^eoting material and leave a plain ring or turned 
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cirole, M army part of the 
tamed oiraui^eresoe will 
be eqoidiataat from the 
aada. When the tool is 
hdd in the hand, if the dia* 
meter of the work bo smaU, 
the tool may be still oon- 
oider^ as held in a rigid 
holder whilst the work 
makes a single tarn, and 
the figure prodnoed upon 
the work a true circle, as 
small artioles rotate too 
rapidlj to be practically 
affected by any dight mas* 
oular movement. Bat when 
the artiolo has a large dia¬ 
meter it roqaires to be ro¬ 
tated much slower, and a 
slight movement of the 
tool, causing the cutting 
point to go deeper or less 
deep into the material, re¬ 
sult in the production of 
untrae or unsymmetrioal 
work, as the figure pro- 
daced by the moving tool 
upon the moving work is 
no longer a perfect circle, 
some parts of the outline 
being farther from the axis 
than others. This is ob¬ 
viated by using a rigid 
holder for the cutting tool, 
and if wo imagine that this 
holder, and oonsoqnontly 

the tool, is moved along the work a short distanco after each 
rotation of it, we can conceive the principle of the slide-rest. 
If in making these changes of position oaro were taken to keep 
the cutting edge at the same distance from the centre line of 
the rotating work, a parallel cylinder would bo x)rodu»nd. Tlio 
main fnnetions of the slide-rest are to hold the tool firmly to its 
cut during the rotation of the work, and to allow of the catting 
edgo being advanced 
after each ont in a 
given right line. 

Althongh double 
gearing has boon de- 
Boribod first, so far as 
I can see the slido- 
reat was invented be¬ 
fore it; and in Boigo- 
Ton's excellent work 
(to whioh, and to 
Flnmier's, as already 
mentioned, I am in¬ 
debted for mnoh infor¬ 
mation on the early 
forma of lathes, and 
early lathe work) there 
are several complete 
iUnstrations of this 
extremely usefnl in- 
stmment, whioh I hero 
reproduce. Bergeron, 
in describing the slide- 
rest shown at Fig. 14, 
says, that seeing that 
theso rests are parti- 
onlarly intended to 
tom square and ‘oval 
work,^^t in turning 
these mosses of work 
the lathe is consider¬ 
ably strained and 
shaken, and that this 
shaking is likriy to 
affect iqjnrioasly the 


artids that ia being ope¬ 
rated npon, it is advisable 
to make t^ rests wholly 
of metal, with a view of 
giving greater steadiness 
and stability to them, and 
lessening the vibration of 
theiioola they carry. 

Tho foot or hand plate, a, 
of the slido-roet desoribod 
at Hg. 13 is much riie 
some as the foot of an m:- 
dinary hand-tool rest, and 
is desoribed os being made 
at brass. Tho bottom but- 
face of it is brought to a 
true surface, and has a 
T-groove out lengthwise in 
it underneath to receive 
the head of a bolt of oorre- 
aponding shape, whose use 
is to fasten tho foot and 
the mechanism it carries 
firmly down upon the latho- 
bod, and which bolt-hoad is 
enabled to slide throughout 
tho length of tho T-groovo, 
so that the rest may bo 
fastened down upon tho 
lathe-bod. A, at any re¬ 
quired distance from tlio 
surface of tlic work to bo 
turned. The part b, also 
of metal, is fitted niooly to 
a, the two surfaces in con¬ 
tact being rendered true 
and level, and they are held together by means of a bolt shown 
in front. The sides of h aro fitted with two grooves forming 
slides for the reception of tho two projecting feet or male slides, 
c. This arrangement of slides has for its object the adjustment 
of the height of the horizontal slide forming tho top part of tho 
part c. When the required height is decided npon, the position 
of c ia maintained by tightening tho two nuts at the ontside of 

the slides. Tho bolt 
itself passes com¬ 
pletely through both b 
and c, forming as it 
were a part of the for¬ 
mer, and each end is 
furnished with tho nut 
alluded to, by whioh 
the two ps^ ore fas¬ 
tened fimly to eooh 
other. Only tho right- 
hand nut is visible, but 
its posirion snffioientl^ 
indioates the place of 
the other. The upper 
ends of the two legs 
or slides of c are joined 
together by a bridge- 
piece formed of 
same piece of metal, 
and this bridge serves 
as a horizontal sUde 
for the small movablo 
carriage npon which 
the cutting tool m 
mounted. i%e bridge- 
slids has a long ^t 
through its length, 
and from its top sur¬ 
face to underneath the 
bridge. A small screw, 
d, paases from end to 
end of the bridgatolide, 
ihrongh the middle of 
the slot, and has ita 
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bearioga in tha metal of e at each and. Only the extreme end of 
the aorew d ia Tiaible, aa the chief part of it ia hidden in the slot; 
the end yirible ie seen fnmiahed with a pulley, but a email winoh- 
haadle would be used in preference to the pidley for moving the 
aorew round by hand. The tool-oarrier, e, ia nicely made to glide 
evenly along the bridge-alide, and ihia movement ia oauaed by 
the aorew d, aa a small projection forming part of e oumea down 
into the slot, and there forma a nut for the traverae-acrow. The 
configuration of the tool-holder and the poaitiou of the tool are 
enffioiently obvious from the aketoh. Thia simple little apparatus 
contains everything necesaary to render it an efficient sliding- 
rest or mecLmio^ hand, and no doubt its use was found 
extremely advantageous in the production of light tamed work 
formed of straight lines. It has provision for arranging its 
distance from the lathe-oentrea according to the size of work it 
was called upon to turn ; it has provision for placing the carrying- 
elide at an angle so that the tool may be moved along in the 
direction rendered nooesaary by the required outlino of the 
work; and it has provision for adjusting tlie height of the 
slide according to the thickness of the tool and the nature of the 
material to be operated upon. The tool-holder, also, is of very 
convenient 
form, allow¬ 
ing the tool 
to be quickly 
placed in 
position and 
easily re¬ 
moved for 
grinding or 
substitution. 

Altogether, 
this little 
elide • rest 
must bo oon- 
sideredavery 
creditable 
production, 
and an im¬ 
portant, be- 
aonse useful, 
invention. 

In Fig. 14 
is shown a 
slide-rest 
of similar 
conatruction 
to the last, 
but more 
complete, and 
embodying 
Bomefeatures 
of improve¬ 
ment. The foot. A, ia of metal, planed underneath, and fur¬ 
nished with a T-groove for the head of the fastening-down 
bolt; B is formed also of metal very much in the same manner 
as &e last; it is fastened down upon a by the screw a. The 
legs, p c, of the horizontal slide have forks out in them, and are 
fitted upon two tongues of metal, being projections from B. 
This mt^e of fitting is to give the horizontal slide great stability, 
and prevent the rising iffido being a source of unsteadutesa. 
The position of the vertical slides is maintained by the screw d 
in the same mannw as in Fig. 13, but the adjustment to 
the height required is made by means of the capstan-headed 
screw/, which acrewa into the metal of b below and rotates 
freely in the plate g above. The bridge-slide n has a slot 
through it, and oarries the tool-slide b in much the same way 
oa in the last example, the Y-pnlley on the screw being, how¬ 
ever, here replaced by a wincdi-handle, f. The tool-elide, z, 
is much more complete than in Fig. 13, as it is provided with 
an additional slide at right angles to the slide b, and to this 
additional slide the tool is attached. Frovision is also made in 
these sUdes for setting the cheeks of the slides closer togrether as 
they wear slack, and so prevent any shaking or unsteadiness of 
the tool, which would otherwise result from the wear of solid 
aUdes. The use of the additional slide is to regulate the pene¬ 
tration of the tool and the depth of ita out: the manner in which 
it subserves this purpose is readily seen from the engraving. 


Another still more complete form of the slide-rest is shown 
in side and front elevation by Figs. 16 and 16, and in plan at 
Fig. 17. This slide-rest has two pointa of difference from the 
last we have dosoribod, and both pointe are emboffied in the 
most modern slide-rests without any material modification. By 
referring to the illustrations it will be seen that the lower 
portion of the slide-rest is almost exactly the same as those 
already described, but the small carriage A of the horizontal 
dide J} is continu^ outwards to form a broad flat plate with a 
long circular slot or groove out through it. The edge of this 
circular slut is divided into degrees for convenience of adjust¬ 
ment. The carriage is moved along the slide by the uanal 
screw, in the end of which ia a handle B, and a cironlar plate 
divided on its edge as an index whereby the traverse of the slide 
oould be seen and regulated. The top part of the oarriage and 
flat plate is very nicely filed np to a true snrfaoo, and the bottom 
surface of a second plate z is similarly prepared and fitted down 
upon A. In front at a (Fig. 17) a small bolt posses down from x,' 
and goes through A with a thnmb-screw beyond; this bolt acts 
os a fulcrum or centre, around which the part x may slide upon 
A. At the back end of E another email bolt eimilor to the last 

passes down 
throngh the 
oircnlar slot 
of the plate 
A, and has a 
thnmb-nut 
beyond for 
tightening it 
np. The ob- 
jeot of this 
arrangement 
is that the 
part E wbioh 
oarries the 
tool may be 
moved round 
upon A, and 
the point of 
the tool by 
this means 
caused to de¬ 
scribe a oir- 
oular are. 
The radios 
would obvi¬ 
ously depend 
upon the po¬ 
sition of the 
tool's point 
in relaticm to 
tho centre 
or fulornm 

around which it was moved, and tho length wonld be regulated 
by the divisions marked on the edge of '^e circular slot. 

The tool M carried by a separate slide as before, and the tool 
is held in place by two finger-screws, which enable it to be eaeily 
removed. Insteiad, however, of the tool bring moved into and 
ont of ent by a traverse-screw, a lever s was employed for this 
purpose, which enables the movements to be prodnoed with 
greater readiness and rapidity. This lever was carried by alng, 
c, projecting from the slide e, and affording a fnlcrnm for the 
lever at b ; one end was in contact with the tool-slide, and the 
other end furnished with a handle, as shown in Figs. IS and 16. 
A small screw, d, at the side, best seen in F^s. 15 and 17, was 
employed to supplement the handle, and regulate and determine 
the depth to which the tool should out. 

This appHoatiou of a lever for numing the tool in and ont is 
a great oonvonienoe for light ornamental turning, but it is not 
applicable to lathes intended for heavy turning or metal work. 
The circular motion of the tool-slide as hero worked outjw not 
of great value. The rest was intended for the prodnttnbn of 
spherical curves, but it was not well adapted to prodnoe them, 
nor did the cironlar movement give any greater faoili^ for the 
production of oones and angles; bnt in the next arrangement, 
as shosm at Fig. 18, the position of tho cironlar slide was altered 
and placed, as the reader will notioe, below the main horizontal 
slide instead of above It. 
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In tMi slide-rest, the top sorfsoe of the foot or .bsse-plnte a. 
ww mnde smooth so ss to form a part of the oironlar slide, the 
other part beinff farmed by the plate B. This plate ttsb fastened 
to A1^ a oentr^ bolt, wUoh permitted it to torn freely zonnd, 
and the outside edge erf ihe plate B iras out with sorew-teeth to 
form a segment of a worm-wheel, into which tiie tangeut-scrow 
or endless worm, a, geared. The tangent-sorew was of coarse 
fasten^ down upon A. Upon the plate b was mounted the 
main slide, whioh latter was of the same form, and oarriod the 
. Kuno kind of tool-.slide as in Fig. 15. Ihe main slide only is 
represented in the engraTing, to make the arrangement as little 
oomplicated as x)OBBible. In this slide-rest the oirenlar move¬ 
ment of the top slide is brought about by moving ronnd the 
tangont-sorew a, a handle b, as shown in our illnstration, being 
provided for the purpose. 

The application of the tangent-sorew was in itself an improve¬ 
ment, as the oiroalar motion was thereby obtained in a manner 
* much more equable and more trader control. But by placing 
the long slide upon the circular slide, instead of the reverse, a 
mnoh more convenient means was afforded of placing the slide 
at an angle to the line of the latbo-oontres, when oonical or I 
angular work had to bo turned. The slide-rest was, even with 
the snccessivo improvements wo have already noted, still not 
weU adapted to act as a spherical rest; but with the tool-slide 
shown at Fig. 15, and the circular movement of Fig. 18, it had 
become a very useful adjunot to the lathe. 


CHEMISTRY OF THE FINE ARTS.—IV. 

By Professor Cbubch, Boysl Agricultural College, Cirencester. 
GUM, OIiTClSKINE, HONEY, AND GLUE—I.XME—WATEB-GUASB : 

IIB FBEPARATION AND FROPEBTIES. 

There still remain for consideration a few matorials of organic 
origin, whioh arc employed in certain processes of painting. 
Of these organic products some of the gums ore of importance, 
espooially in oonnootion with the use of water-colours. Oum 
arabie, a natural exddation from several epocios of acacia, is a 
much moro highly oxygenated substance than any of the mate¬ 
rials studied in our last lesson. Its specific gravity, when 
white and pure, is 1*36, and it is completely soluble in cold 
water, but insoluble in spirit. It contains a slightly acid sub- 
stonoo, oallod arabio add, united with lime, potash, and magnesia; 
its per-oentoge oompodtion is— 


Arabic acid.71 

Water.16 

Lime and salts.11 


100 

Gum arabio may be partially imriiled from salts by boiling its 
powder in alcohol, whidi is then to be poured off. Or it may 
be completely freed from extraneous matters by the addition of 
aoetio acid to its SolutioB, and the subsequent dialysis of the 
mixture, pure gum remaining on the dialyser at the end of a 
few days. Gum BmegcA dosely resembles gum arabio, but is 
somewhat more tenaoi«ns, and is nearly free from saline matters. 
Its speoifio gravity is I'M. These two gums sefvo, when in 
■olnidon, as media for water-oolours, solid coloured partioles 
remaining long suspended in them, and being dso thus bound 
together and to the paper or other painted snrfaae. The gums 
also exert some proteotive influenoe on the pigments with which 
they ure mixed, and thus correspond to the reainons and other 
vehicles of oU-painting. Ghims, however, afford no security 
against water or even damp; while some of them, if freely used 
in painting, actually encourage moulds. A solution eff gum 
arabio may be kept sweet, and free from acidity or fnngi, by 
moans of a lamp of camphor kept floating in the bottle, or by 
the addition of ^loss than 1 per cent, of pare oarbolic acid. 
Dextrine, BiitisH gam or manage, a sabstance derived from 
starch, mast be oarefcdly avoided in all artistic work; it is 
Bpooially prone to ohoage. 

years a^ the writer of these lessons tried some experi- 
ments on glyeerime as ati addition to gam-water or to isinglass 
solntion in the preparation of moist ooloors; nsed sparingly it 
jnroved rory nsefnl in preventing some ooloared layers from 
onuddng, and also in pteoerv^ the pans of oolonied sabstanoes 
iaskworidng state, Urn beri distilled glyoarina most be em- 
ployeds nd as it attracts maistore from air, it oaa only be 


introdnood into pigments in very minnte proportions. The 
liqnid port of honey which has been kept some monihs, or the 
sugar extracted from honey by cold aloehol, may bo snb^tated 
for glycerine. In preparing this sogar by the alcohol method, 
the spirit most be distilled off in a retmt; the remaining syrap 
is known as froit sngar or fructose. 

The presence of the clement nitrogen to the extent of IT per 
cent, in glue, isinglass, gelatine, and size, renders those sub- 
Btanoes very distinct, in a chemical point of view, from those 
whioh wo have jnst stadied. They are liable, nndar many 
conditions, to change ; and us they contain nearly 1 per cent, of 
Bolphor, t^ change is sometimes attended by the separation of 
snlphar oompoonds injnrioas to lead-pigments. From whatever 
materials the “size,” or solution of ihose nitrogenous mattors, 
bo prepared, its parity is of great importanoe. Aossian isin¬ 
glass, prepared from the lining membrane of the swimming 
bladder of the storgeon, affords one of the best kinds of size 
when dissolved in boiling water and strained throagh muslin. 
Ivory dnst, vellum, and parcbment-clippinga, fish-bunos, and 
several other similar materials, yield a clear and oolonzloss size 
by snfiioiently prolonged boiling in water. 'Whatever crude sub- 
stanoo be taken, it should be thoroughly washed in pure water,, 
soaked in lime water, and again washed before being converted 
into size. If white of egg or tho albumen of blood bo employed, 
it should bo purified by diolysis, as already dosoribed under tho 
head of gum. 

Wo must now turn our attention to one of tho most important 
art-materials which we have yet mentioned— Ume. This sub¬ 
stance forms thu basis of all tho grounds used in distemper and 
fresco painting, and is employed in two statm, as oarbonato 
of lime Mid as hydrate of lime, compounds whioh in modem 
chemical language are termed respectively “ oalcium carbonate ” 
and “ calcium hydrate.’’ When chalk, marble, or limestone is 
strongly heated or “burnt,” it loses the carbon dioxide or fixed 
air whiifii it contained, in accordance with tho equation— 

CaCO, = CaO + CO,. 

The CaO remaining is burnt lime, quioklime, or canstio lime. 
Perfectly pure limestone should yield 56 per cent, of quicklime. 
'When qniokUmo is placed in water or wetted it absorbs water, 
becoming slaked, but still retaining its oaustio or alkaline oha- 
racter— 

CaO + H,0 - CaH,0,. 

100 parts of pure burnt lime absorb 83 parts of water. Now, 
when slaked lime, whioh is a white dry powder, is exposed to 
the air, it slowly absorbs carbon dioxide (COJ, becoming at last 
ro-convorted into the original carbonate from whioh it was 
mode— 

CaH,0, ■+ CO, = CaCO, -f H,0. 

With reforenoo to limo compounds for artistic usos, two ques¬ 
tions are suggested. From what native materials should they 
be prepared P and in what condition should the produoia I» 
employed ? It does not appear that tho native lime compound 
taken need be very pure. It may contain bitumen, as in blaok 
marble; or magnesia, as in dolomite; or traoes of silica, alumina, 
or iron, and yet yield a good lime. Still, the nearer the product 
approaches to pure lime, or to a mixture of pore lime and mag¬ 
nesia, the less probability is there of any drawback arising from 
its use. The next point is the slaking and preparing the lime-- 
This is aooomplished by mixing it with water Mid introducing 
it into a grouting box, Ue slnioe of whioh is an inoh or two. from 
the bottom. 'When the slaked lime is reduced to the oonaistenoe 
of a cream, the sluice is opened, and the semi-fluid mixture allowed 
to flow out. With this mixture a covered pit dog in the earth, 
or made of briok or stonework, or better still a tank- of slate, is 
filled. Here the white paste remains, covered loosely, for two 
months, when it is ready for all the rougher prooesses oonneoted 
with fresco and distemper painting. For finer purposes and 
for use as a pipient or admixture with pigments, ^ lime must 
be again submitted to the grouting operation, strained through 
hair’sieveB, and run into earthenware jars. Here the water 
whioh obUeets at the surface is no%and then poured off, 'while 
the white paste below will be found soft and easy to work,’ 
free from grit and salts, and to have lost soma of its oanstioity, 
having become eUgbtly oarbonated. As long as it is l^t in a 
closed jar it oannot become leas oaustio, nor is it desirable that 
this ohuige should proceed to any great extent, or the binding 
and batdening properties of the material woi^ vanish; not 
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more *>»»» «iie*tibiid of the luae shonld become oarbonated 
prerioBB to nee. U it be dried and then again moistened, or if 
it be mixed with carbonated water (soda-water) and then allowed 
to settle, oarbonation may be aooelerated. On the other hand, 
as lime-paste apart from the air sujffeTS no injury, it may bo 
kept iu oellars, in closed jars, for years, with the oertsinty that 
it cannot then prodnoo any of those blisters or other defects in 
fresco paintings which irregularly risked lime is known to cause. 
A large quantity of such old lime-paato, of excellent qnaUly, is 
stored in the oellars of the Honses of Parliament; the present 
writer has made many experiments with it, proving that the bad 
condition of the frescoes painted with this material is dne, not 
to any defect in it, but to each entirriy different canses as the 
injurious action of coal-gas, a London atmosphere, etc. etc., and 
possibly in part to the inexperience of the artiats in the peculiar 
method of painting required. There can, however, be no ques¬ 
tion that while slewed lime may bo long kept and stiU preserved 
in good condition, a shorter period after slaking is snffleient to 
allow of that complete hydration of the quicklime, which pre¬ 
vents blisters being formed on the surface painted with it. Great 
confusion exists in the minds of fresco writers on this point, for 
while they rightly recognise different degrees of causticity in 
differont limes, they rarely attribnte these variations to the true 
cause, namely, the absorption from the air of oarbonic acid gas, 
the gas that is now generally oalled carbon dioxide. It is, how¬ 
ever, absolutely neoessary that this oombination should not have 
completely destroyed the oaustiu property of the lime. If it has 
proceeded very far, the lime has scarcely more binding power 
than common chalk or whiting, and will servo neither to make a 
firm ground fur the picture nor to cement the colours to the 
surface. When two-fifths of the lime arc carbonated—easily 
ascertained by a rapid analysis—it is in an cxoolloiit condition 
for fresco grounds, though it may be used in a still less caustic 
state for mixing with pigmmits. In speaking in tho next lesson 
of the actual processes of painting, wo shall have occasion to 
rueux to tho subject of lime. 

Of the materials employed in silieious painting it will now be 
necessary to say something. Wo begin with a brief account of 
mater-glass. 

Water-glass, however it may vary in the exact proportion, 
and even nature of its oonstituonts, is essentially a soluble 
alkaline silicate. Four varieties of it have been used in sUicions 
painting, the first containing potash and silica, tho sooond soda 
and silica, the third being a mixture of the first two, and the 
fourth being one of tho former kinds rendered more strongly 
alkaline. These varieties of water-glass may be prepared by 
two distinct processes. In one of these, flints or other silioions 
materials are heatfri. in closed iron vessels with soda or potash 
lye; in the other process the silicioas enbstanoo is fused with 
an alkaline carbonate. The latter method is more easily 
managed under ordinary circumstanoea, and gives a very satis¬ 
factory and pure prodnot. In adopting the other process, it 
is advisable to boat the flints, etc., red-hot, and to qnench 
(Stonner) them in cold water before introducing them into tho 
vessels in which they are to bo heated with the caustic alkaline 
liqnor, under a prossaro somewhat greater than that of the 
atmosphere. By fnring quenched and powdered quarts or washed 
silver sand, 15 parts, with 10 ports of purified potash, and a 
little charcoal, either in a graphite omoible or on the hearth of 
a reverberatory fomaco, a clear glass will ho obtained after 
some five or six hours. This is to be poured out on a slab, 
broken up, and boiled with pure water till it has almost oom- 
pletely dissolved. By subsequent evaporation of tho solution 
^trained, if necessary, throngh a little asbestos or pnmioe, bat 
not through paper), a liquor is obtained which oontains silicate 
of potash or pota^nm silioate in solution, and whioh has a 
gpeeifio gravity of about 1'26. A soda water-glass is obtainable 
by a precisely similar series of operations, adopting, however, 
the following proportions: 45 parts of quartz, pure dry 

oarbonato of soda, and 3 of powdered oharcoal. A mix^ 
Water-glass is tumisbad by the fusion of the following ndxtnte: 
SO parts quarts, 14 ports dry carbonate of potash, 11 parts dry 
carbonate of soda, and S- fflirts of bhoroosl. These materials 
are much more esi^ and rapidly fused than those previously 
named. The solution which the product from them yirids ia 
probably the best material that can be employed in stereo- 
chromic or aflioione painting. If, however, it should be 
saturated witii silioa, which may be the case, it ia advisable to 
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empl^ it only after it lias been rendered more alkaline by the 
addition of a littie oaustio potarii. The quantity to be added 
may be ascertained in the following wayWe riiall fiat] our 
water-glass solution somewhat opalescent; to it we add a 10 
per cent, solution of oaustio potash, with constant stirring, 
until the opalssoenoe has disappeared. The quantity used for 
this purpose being noted, a farther addition is made of one- 
quarter the amount. 

An impnro solution of water-glass may be rendered better 
fitted for stereocbromic work by precipitation with from one- 
fourth to one-tbird its bulk of methylated epirite of wine, and 
collecting, pressing, washing slightly, and finally re-disEllilving 
the gelatinons precipitate thne obtained. Chlorides, sulphates, 
Bulphidos, and sulphites are objeotionable impuritios in a water- 
glass, It is a mistake to have the water-glass solntion neutral. 
If not distinctly and even strongly alkaUne, a white silioiona 
bloom will form on tho painting executed with it. On the 
other hand, a p^oat excess of alkali is objeotionable, for it 
may favour the production of a saline effloresoenoo, and 
prevent the oolonrs from drying and hardening properly, and 
exert a prejudicial influence on some pigments which might 
otherwise be safely employed. 

Tho composition of neutral water-glass is represented by tiio 
ohoniicol expressions— 

PotoKli woter-slasH .... E,0,4SiO,; 

Soda water-glaas.NaaO,4SiO( i 

Double water-Klass .... KNaO,48iOi. 

It might be supposed that these silicates of the alkalies 
would suffer double decomposition with the limestones and 
calcium carbonates with which they come in contact. This 
seems scarcely to bo the case; -but they form doable com¬ 
pounds with them instead. So there is but little sodium 
carbonate formed when sodinm silicate and calcium carbonate 
arc mixed together and kept some time. Tho reactions of 
water-glass with some other substances are, however, more 
prononneod. Zinc white is largely need in preparing grounds 
for ateroochromy, and it is found to form a silicate of zinc and 
tho alkalino metal, liberating a little alkali in so doing, how¬ 
ever. Burnt or coleiued magnesia sets still more readily with 
water-glass than zinc white: lime and its phosphate may also 
bo employed in the preparation of water-glass cements and 
grounds. _ 

GREAT MANUFACTURES OF LITTLE 
THINGS.—V. 

BT CKABLBS HIBBB. 

PINS (oontinusd). 

The difflcnlty of hooping a pin’s head properly on its shoulderB 
led to many attempts to produoe the now universally-known 
Bolid-hoadod pin. The first patent for the pnrposo of whioh we 
buvo any record in England was taken out by Timothy Harris, 
of Waltham Abbey, in tho year 1797. His method was to cost 
tho heads upon tho shafts, employing for the purpose a mixture 
of lead and antimony. Two years proviouriy to this, however, a 
patent had been taken out in France for making pms, the head 
and shaft of whioh should be of one piece, but of this we have no 
detailed description. But neither of these patents seem to hare 
revolutionised tho trade, for twelve years later we find a patent 
by William Bundy, of Camden Town, fox an improvement in the 
method of fixing tho old-fashioned wire heads. He simply pro¬ 
posed to rivet them on a dozen or two at a time, instaad of 
singly. The pins were placed in a pair of grooved dies, whioh 
wore then screwed tightly together. The heads wore placed 
on by tho fingers, and a third die, under a fly-press, fastened 
them all at one blow. This method was soon abandoned, being, 
if anything, more tedious than the original one. In 1812 the 
firm of Bradbury and Weaver, of Gloucester, made an antomatie 
machine for placing the heads on the pins, conveying them to bo 
rivetted, and afterwards removing them. This maehine made 
a flat-shaped head, with a good finish, but did not oonqiws its 
inourable defect of slipping down the shaft. Five years later 
we see the first introdnetion upon tho patent records of a plan 
for msMng tho head out of tho substsnoe of tho shaft. Seth 
Hunt, in 1817, daims tho merit of making pins, “with head, 
ohifft, and point, in one entire piece.” Tho wire was fed up to 
a maohine, and seued by a die, a pin's length was then out off. 
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«nd the die held it while the head woe fomed hy oompteerion; 
the —.TIM die atiU held it while the pomt was formed, irhieh was 
aoeomplished by the die taming roand four times each way, 
whUe a cnttang wheel rose in a proper position to oatoh the 
point. This mast have been an ingenious machine, bnt it did 
not snooeed in making good a footing in the trade. The heads 
formed by compression were probably not very workmanlike in 
their appearance. In 1824 ^e first real praotiaal step in this 
Erection (as it afterwarde turned out) was taken by Mr. 
Lemuel Wright. His machine, although not in itself a anccese, 
gave the one to improvements which resulted ultimately in the 
mao&no wo now have. Nevertheless, Wright’s machine 
differed from those now in use in all but the main principles. 
The pins were made dixeotty from wire carried on a reel to the 
machine, and drawn ihrongh straightening pegs. A pair of 
cutting nippers then sevei^ the longth of a single pin; a 
carrier took this to a bevelled toughened wheel, against which 
it was held and rotated; another carrier took it to a second 
wheel of finer out, which finished the point; anoth(»r carrier 
took the pin to a heading die, when the head was roughly 
formed by the pushing up of a punoh; and a fourth carrier 
took it to another die, which finished the head, and the pin 
was complete. 

Thongfa it struggled on with grreat difiicnlty for many years, 
Wright’s machine was destined, as we have hinted, to lay the 
foundation of the fntnre trade. Many sueoessive improvemonts 
to it wore tried and discarded; many speoulators took it up and 
abandoned it; many handsome fortunes were sunk in it; but 
at last, in 1833, nine years from the date of the patent, the first 
solid-headed pins Were thrown npon the market, and have 
kept it ever sinoo. * 

Leaving it for a moment, let ns examine a few of the bge> 
nionsly oomplioated oontrivanoes that were patented for 
same object, while Wright’s machine was in its nonage. In 
1831 Daniel liedsam and William Jones took out letters patent 
for a machine, which, alter forming the heads of the pins by 
pressure, poin^ them by a prooess which is thus desoribed:— 
*'To point the pins, they are fed from a hopper on to the 
periphery of a wheel, wbioh is grooved to take the heads. The 
pins then lie parallel to the axis of tho wheel, and pass between 
the wheel and a fixed onrved lever, held by a spring against the 
periphery of the wheeL Both the periphery of tho wheel and 
the surface of tho ourvsd lever are oovored with washed leather, 
and thus a, rotary motion ie oommunioated to the pins. While 
moving thus, their points come in oontaot wi^ a rapidly 
rotating file, which sharpens them.” 

lb 1835 Samnel Slooum planted a machine, which is de< 
eoribed as follows” By means of indneting rollers moved by 
a ratchet wheel, a lengU of wire sufficiont for a pin is intro- 
duoed, and enters whiA is oslled a' spring ohnok,’ a number of 
which are situated round the periphmy of a wheeL The ohnok 
holds the blank, which is now eat off from the main wire. The 
heading frame advances, and the dies close firmly round that 
portion of the wire whioh projects beyond the ohnok, while at 
the same lame tho heading punoh etrikos np a head between the 
dies. The head being thus formed, the wheel revolves till the 
next diuok comes into position to take a blanV. The same 
movement, however, carries the first chuck opposite a stationary 
cutter, which trims np the revolving head of the pin, already 
shaped in the dies. The next movement brings the head 
emmsite a small pnnab, wUdi forces the head np to the chuck, 
end consequently drives the point out at the other side to be 
ready for ^ pointer, whioh it teaches at the next stage. It 
then pasees anooessively to other outters, whioh finish up the 
pdnt; and, finally, it oomes to rest opposite a ' hooking pieoe,’ 
wUah draws it out of the ohnok, and allows it to fall in some 
convenient receptacle.” 

The reeder will, doubtiess, think that these two mabhines 
would form very p^iy mechanical toys for an exhibition. Of 
the same ohaza^r is the following, patented in 1841 

The pin-ritslis, pointed and out, arc placed in a hopper, 
whAfess Ihey pus, one by one, into a groove on a metal ^te. 
A plunger pushes ihe pin into the jaws of a holder, wMah then 
iwvds latoally, till it eomes oppt^te the heading dies. " The 
pin-ehsft is taken between thm dies, and left there by the 
ifhihh xetnras % eimiher shaft. This return movemmit 

ISm holder brings a second hoMer to tiie shalt now in the 
holderAakes the shen, vi^iie the heading phutger 


upsets the head. Thenoe it oanies the holf-hsaded shaft, 
released from the dies, to a second heading plunger, whidi oom- 
pletes the pin.” 

Let us now rotnm to Wright’s machine. Though pins with 
solid heads were produced by it, os we hove said, in 1833, such 
were the difficulties oonneoted with its complete working, that 
for many years the pointing oentinued to be done by hand. The 
machine was farther perfected by D. F. Taylor and Co., of 
Stroud, who carried on Ihe mannfaotnre by, its use with very 
feeble sucoess, and after four Bnooessive companies bad taken it 
in hand, and made nothing of it, the whole plant was purchased 
by Messrs. Edolston, Williams, and Co., now of Birmingham, 
about 1843. From that date the days of pin-making by band 
were numbered. Tho now firm wore thoroughly praoti(^ men, 
and in four or five years had durably established 'Ue trade upon 
a new basis. 

It would take too long to describe the many modifications of 
Wright's original patent, whioh have made the present machine 
what it is; we must be content with endeavouring to convey 
some notion of its very ingenious construction. It seems to 
give one the idea of a very hemdy man; one whoso deft fingers 
can perform two or throe operations at onoo, without tho waste 
of a tittle of time or energy. It oould be put into a good-sized 
portmanteau, but it has as many contriva,)tces pocked into its 
small compass as a modern dresaiTig-oaae. \^e wire, as we have 
said, is drawn into the machine direct from the coil, passing 
through straightening pegs. A pair of heavy iron fingers close 
upon it when it has reached a certain distance, and hold it 
while three quick, chopping blows are administ^d upon its 
head ; “ dabbing ” it up into perfect and comely shape. A 
entting instrument then comes into play, and cuts off the pin, 
just as the iron fingers unclose, and let it drop into an iron 
trough lying down the side of the machine at an angle of 45°, 
or thereabouts. The bottom of this trough is not closed, but is 
one long slot, just wide enough to let thrragh the shaft of tho 
pin, but not head. The pins, therefore, soon find their way 
to an upright position, and travel down the incline, hanging by 
their heads, simply by their own gravity and the shaking of the 
machine. When they get to the bottom they turn a comer in 
regular order, the trough being continued, and follow each othet 
in single file along the front of the machine, where the pointing 
wheels are revolving. As they pass along the slower gradient 
of this part of the trough, assist^ by the vibration, and by the 
pressure of those behind, they come snooeBsively in oontaot with 
coarse and smooth rotiuy files, and become beautifully sharpened 
hy the time they reach the end, and drop off into a pan. 

The seemingly almost intelligent motions of this machine are 
directed by cams, which come into play at the proper moment 
by one revolution of the spindle. Our readers Iq^ow what a 
cam is t it is simply a wheel with a Inmp upon it. ! Let us in¬ 
spect, by .way of example, ihe mechanism ofil&at quick little 
iron fist Which delivers its blows‘with «nc£ precision and 
effect. Its striking end is, of oonrse, out to the converse shape 
of the top of the pin-head; its arm, or shaft, slides easily 
between “ jonmeys," and its other extremity is furnished with 
a roller. A spring nndemeath keeps this roller pressing on 
the periphery of a wheel fixed on the spindle. This wheel has 
three lumps njion it; and, as it revolves, it shoots forward tho 
striking punch three times. In like manner, the iron fingers 
that hold the pin are normally kept open by the pull it a 
spring, bnt other wheels on the same spindle, whioh have lamps 
on the side instead of on the oironmferenoe, press against lovers 
in the oonrse of their revolution, and close up the fingers with a 
grip like that of a vice.') 

The sticking machine, whioh is of American invention, is of 
not leas ingenious oonstaiotion. As it does not oome within 
the subject of pin-making proper, we have no need to describe 
it; but the neatness and oelerily of its movements, and tho 
aooaraoy with whioh it performs its work, would be very 
attractive to a spectator. Pins have an inva||U»te habit of 
lying sixes and sevens when in a heap, and tisPmaohine tnms 
^em about, leduoes them to order, and marshals them in a 
row, with ^ the preoiBicn of a drM-sergeant, in a manner that 
is both simide and amusing. It is much more agreeable to 
watch these maehinss than '^oee we have desoribed, on oooonnt 
of the deafening rattle of the latter. Where twenty^or tbiriy 
of them are at work in a single room, the ” mueio eff the mill" 
is of a distressiiigly ear-ai^libDg oharaoter. 
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paper and CARDBOARD MAKING.—V. 

ST azosas tisvall. 

PAPBB-MAKING BY HAND, AND FINISHING. 

Thx making of paper by liaBd is analogona to the proceaa by 
auusbine, bat inatead of a eontinuoaa web of paper, each aheet is 
made by a aeparate operation, and the size of the sheet is 
Hmited by the power the operator to handle the mould or 
framework in which it is made. 

The process of preparing the pulp is precisely the same as 
for machine-made papers, and the pulp when ready is mn into a 
Urge chest or vat and mixed with a sufficient quantity of water. 
The workman then, standing by the vat, takes the monld— 
which in this cose acta both os the machine-wire and as the 
dandy-roll, and consists of a framework of the size required, of 
wire gauze if for a wove paper, and made like a laid dandy-roll 


then thqy may be dried in the air in the same way, when 
excellent strong papers, rivalling hand-made papers, are the 
residt; inde^, the process of paper-making by hand is 
threatened with extinction, so closely do some machine-made 
papers, sized in this way, approach them 'n the properties of 
s^ngth and tonghness. ' 

Papers dried in this manner arc very rough, and require sur- 
fabe and finish. This is obtained by placing them between 
heated copper or zinc plates, and passing a pile of these several 
times through a pair of rollers with a considerable amonnt of 
pressure. Moat maohine-mado writing-papers are also sub¬ 
jected to this process, called plate-glazing, the finish given by 
the calendering apparatus in the machine not being suffioient 
for fine papers. A very beautiful finish can be given to papers 
in this way by passing them through tlie rollers a oonsider- 
ablo number of times, each operation improving the snr&ce. 


but flat if for a 
bid paper, and 
having a loose 
frame or deckle 
aronnd it. pro¬ 
jecting slightly 
above the wire 
for regulating the 
ihiokness^ of the 
sheet—and dip¬ 
ping it into the 
vat he withdraws 
it full of the pulp. 
He then gives to 
it a grentlo un- 
dulatory motion, 
causing the pulp 
to form in an 
even, regnlar 
sheet as the 
water passes 
away through the 
mould, and hands 
it to the assistant, 
taking off the 
loose frame, 
which he places 
on another mould 
and repeats the 
operation, while 
the oouoher turns 
the former sheet 
as it lies on the 
mould on to a 
piece of felt con¬ 
veniently placed, 
and covers it with 




until the sheets 
may be made to 
resemble polished 
plates of ivory. 

The cutting of 
machine-made 
papers may be 
effected either 
by an apparatus 
at the end of the 
inaohine, cutting 
the single sheet 
of paper as it is 
made, or if the 
paper is reeled on 
wooden rollers, 
these may be 
carried to a de¬ 
tached outting- 
maohine, and 
several re^ may 
there be out at 
once. Tip to a 
very few years 
ago aU papers 
were cut in single 
sheets at the end 
of the machine, 
and where a high 
speed is not at¬ 
tained, this is an 
easy task, but as 
machines are run 
at a higher speed 
this has become 
more difficnlt, 
and combined 


another piece of watermarks used in the manufacture of paper. with the aiipliea. 

damp felt ready Fig. 1.—Old Foolscap Mark. Fig. 2.—Modem Foolaoap Mark. Fig. 3. —Old Pott Mark. tion of the pro- 

forthonexisheet. Fig. t.—Modem Pott Mark. Fig. .■).—Old Post Hark, Fig. 6.—Modem Post Mark. visions of the 

This operation is Fig. 7.—Mark for large-sized Papeja. Factory Act to 

continnod until a paper > nulls re- 

noffioiently large pile of shoots and felts, placed alternately, is stricting the Konrs'of boy labour, has caused the introduction of 
prepared, when these are taken to a press and subjected to detached cuttiiig-machinos in most mills, as the produce of a 
considerable pressure to force out the water and compact the machine during twenty-four hours can be out by this moans 
fibres together. When sufficiently pressed, the pile is taken within ton hours. The process of cutting usually involves two 
out and the sheets are taken from the felts and placed in a operations. As the paper is made wider than is required, it is 
heap one upon the other, and these are then taken back to the neoessory first to ent it into strips of the proper width, and those 
press and subjected to very considerable pressure a second timo.'>i again require cutting across into sitagle sheets; but tho seme kind 
The next operation is that of sizing, and for hand-made' of cut will not serve for both operations. For the cross out, a 
papers animal size is always used. The size is prepared and knife revolving at a certain speed outs the sheet in two, but as 
put into a vat, and the sheets are passed through oue by one. the length of tho sheet is continuous, so the notion required for 
The superfluouc sizo is allowed to run off, and aft-ir a third the longitudinal out is contmuons, and it is obtained by two 
pressing to seonre the regnlar distribution of the size, the circular discs of steel wiidi a cutting edge working against each 
sheets are hungup on wooden laths or strings in n loft, tho other, like tho two blades of a pair of soieaors. In the most im- 
sides of which are formed of louvred windows, admitting a free proved form of paper-cutter the reels arc attached to an iron 
<Mtrent of air to the riioetsa> By this slow method of drying frame-work at tho back of the machine, and tho aheeti^ffom 
tile sheets oontraot very considerably, and tho fibres become each reel are passed between rollers to bring them togeHier, and 
Bnqh more firmly matted together, and a muoh stronger paper then brought between a pair of small feed rollers to the pairs of 
u the result. Papers made by machine may also be sized in cutting discs or knives. These ore fastened by setewa set at 
tills way after they are cut, or the sizing may be effeoted by proper diatanoes on shafts extending across the ma c h in e, which, 
suitable maohineiy oarzying the sheets through the size, and being movable, con be r^niiated for any width of aheet. 
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ia liero out into continnons strips of proper width, and 
thM passing between another pair of rollers ore fed on to a 
grad Ipiife extending ooross the whole width of the moohino, and 
at regnlar interrals are cnt into sheots by means of a knife fixed 
upon rerolring wheels, the size of the sheet boing determined 
by the speed of the rovolring knife, and regulated either by 
means of cone pnUoys or an expanding wheel. 

Borne thick papers, such aa browns, eto., are glazed by an 
extra calendering apparatus in continuous roUs, instead of 
being plated in single sheets. When this is done, the sheots are 
cut as they are made at the machine into strips by means of a 
set of pairs of revolving disos, and these slipa are reeled in the 
same way as the ordinary sheet. They are then taken and 
passed between oalender-rollors, one of which, instead of boing of 
polished metal, is of paper, fixed firmly and tightly to the roller 
of some oonaiderable thickness, and tumol up true and polished 
in a lathe. These rollers revolve at different and very high 
speeds, and as the shoot passes through, it attains a very fine 
polish, having been exposed to a certain amount of fribtiou in 
the process. They are tbea out into sheets at the detached 
enttiiig machine in the usual way. 

The same method of catting and reeling is employed in the 
making of woll-papcrs for staining, or long elephants, as they 
are techuioally termed. These, being required in continuous 
lengths for the staining process, are cut as they issno from the 
calenders at the end of tho machine, bnt instead of being reeled 
on woodon rollers, as for tho catting machine, shells of paper or 
wood, of very little thioknoss, are used. These shells fit on to 
an iron bar or core, as many os are required, according to tho 
width of the maohino, and when full are taken off and at onco 
packed. Similar rolls of paper are now required for news¬ 
papers printed on the Bullbck maohino, an American invention, 
in which the printing machine feeds iteelf from a continnons 
roU, and during the operation cuts the paper and delivers it in 
printed shoots of tho proper size. 

The i>apor is next oarriod to tho “ sallc,” as tho finishing room 
in paper-millB is universally termed, and in this room it is 
sorted and packed ready for tho market. 'I’ho oix>ration of 
sorting entirely depends npon the quality of tho x*apor, and is 
performed by girls and women. A quantity of paper is taken 
from the heap and placed on a wooden bench, which nsnally 
runs round the room, and if coarse papers are being sorted, 
the ond of the handful of paper is by a doxtorons twist 
tuxnod up, exposing a portion of each sheet; tho “broken,” 
that is, tho lorn sheots, are then piokotl out, and tho paper 
turned round and the other ond exposed, to see if any sheets arc 
broken on that side. Those boing romovcKl, tho paper is then 
“ jogged " until straight and even, put on ono.side, and another 
handful operated on in the same way. Fine papers are tamed 
over sheet by shoot, anil tho finest qualities are divided into 
three parcels, only clean, perfect sheets being passed for good 
paper, those sheets which contain spots, or ore otherwise imper¬ 
fectly made, being likewise separated from tho broken and called 
“ rotnje.” Thoso are usually sold at a lower price than the good, 
whilst tho broken is either returned to tho boating engines, or 
sold at a considerably lowor prioo. If tho sheets are of large 
size, such os nows, tho broken is often cnt do'^ to smaller 
common printing sizes, and this is re-sorted, a oonaiderable 
proportion of perfect sheets beiBg found, whilst tho cuttings 
and the broken of the smaller size may bo again reduced to 
pulp. 

^e paper is then passed on to the finisher, who connts it into 
qniree of twonty-fonr sheots, and folds it over into tho ordinary 
folio riieet, a ronnd piece of hard wood or ivory boing used 
to press down the back of tho sheet to make it lio flat. For 
oonvenieaoe of printiug, and to aveid llie crease, which is often 
nnaightly, many papers are now put up flat, being counted 
into reams after sorting, and at once packed up in wrappers. 
Most BOWS is also required flat, a maohino being ns^ for 
wetting the paper, instead of the old method of dipping each 
quire by hand i but as the parcel would be inoouvoniently large, 
it ia usual to reduce the bulk to one-third its full dimensionB by 
foldibag the whole ream over one side into the middle, and the 
other over that without preering down the batde on either side; 
in this way the bale' oar^ well, and opene quite flat for the 
wetting modiine, and as no foroe has been need, the slight 
anase mads by ftddiag is praased eat while damp. The great 
nptiottior cd pajpere axe, however, put up folded in quires of 


twonty-fonr sheets, and again in reams of twenty quires. In 
most writing papers an old custom prevails of making the out¬ 
side quires of twenty sheets only, and these of retree or broken 
paper, so that the stationer in baying these papers only reoeiveB 
eightran quires of good paper and jwo quires of inferior or even 
worthless paper, wldoh ore eight sheets short—a praotioe much 
to be deprecated, os a false representation ef the quantity of 
paper sold, and ono that will, we hope, soon be numbered 
wiih other bod customs of the past. lutings and wrap¬ 
ping papers are now very rarely rotreed, but are made up in 
full roams of twenty perfect quires j indeed, printings axe now 
very often put up in reams of 500, 506, and sometimes 516 
sheets, tho latter being colled “perfect;” this is obviously 
advontogeons, as printing orders aro nsnally given by the thou¬ 
sand, and under the ordinary method u ream mnst bo broken 
for every order. Botree papers ate marked on tho wrappers 
with tho letter It or tho sign X, and if folded in half-quires, the 
bocks of each qnire are placed alternately, whilst good papers 
are placed in alternate half-quires in the ream. 

Tho kinds of paper manufactured in tliis country axe very 
various, but may bo divided into three classes—^viz., writings, 
printings, and wrapping papers. Up to a very recent period 
writing papers were almost entirely confined to bine laid and 
wove, croam laid anU wove, and yellow wove; of late years, 
however, yellow-laid machine papers have been largely mode 
in imitation of hand-mode ucoonut-book papers, which, ihungh 
usually called blue laid, arc by no moans so deep in colour os 
the blue-laid machine papers, but of a similar shade to the 
yellow wove. Tinted or coloured writings in great variety ate 
now largely made and used for various pnrpoaos besides oorre- 
spondonco, and especially for printing dronluTS, ehoquos, eto. 
Printing-paiKirs ore almost invariably made wove, except nows, 
for which purpose laid papers aro still often used. The variety of 
colours and qualities of printing papers is very great, cspeoially 
since tho introduction of tho aniline colours, the patiom books 
of some makers of tissues—a very thin and fine printing—show¬ 
ing nearly a hundred different shades. Wrapping papers are of 
very varions kinds and qualities, from tho coarsest brown and 
purple papers, made from the refuse of tho rag-merchant and 
tho paper-maker, to tho finer qaalities of printings, which are 
now largely used for this purpose; the principal kinds are 
purple sugar papers, browns, cap papers, grey and white car¬ 
tridges, and printings, in a series of qaalities, sizes, and weights 
almost interminable; indeed, so grout is the variety of those 
papers that they ore now rarely kept by the stationer, but by a 
distinct class of tradesmen. 

In tho early days of paper-making every size and make of 
paper was distinguished by a separate and distinct “ trade 
mark ” in the shape of a watermark, and although this practice 
is not now adopted except by some makers or for speeial pnr- 
poses, we can easily trace how the names now used for vatious 
sizes of paper have arisen fn)m the watermarks formerly used by 
the makers of these papers. Tho common and well-known paper 
called foolscap, no doubt, derives its name from an old watemark 
representing the symbol of the court jester of ancient days, the 
oap and bells (Fig. 1). This, however, has'long sinoe been snper- 
seded by tho well-known figure of Britennia in an oval design 
sarmonntod by a crown (Fig. 2), which is now almost universally 
used for foolscap papers. Another favourite design for a water- ' 
mark (Fig. 3) probably gave rise to tho term pott paper for a 
size a little smaller than foolscap, and which, ihongh nearly an 
obsolete size, is stiU oocosionally mode with the watermark re¬ 
presented by Fig. 4. Post paper, no doubt, derives its name from 
the old post-bom, which still remains the watermark of this 
size of paper. tlie General Fost-offioo was established it 

was oustomary to blow a horn on the arrival and departnzs of the 
royal mafls, and to this d&onmstance, no doubt, tUs watermark ^ 
owes its origin. Pig. 5 represents the old post watermark, and 
Fig. 6 tho one now used for this size of paper. 

For the Isxger sizes of writing and aooonnt-book papws, tho 
flenr-de-Iis is used for a watermark, either plain as for oopy 
(Fig. 7), or in an ornamental shield snrmonnted by a crown for 
the several larger sizes of demy, mfidinm, super-royal, and impe¬ 
rial. Ihese watennarks axe, however, now very o^n either not 
used at all, or axe snpereedsd by the name of the mannfaotnrer, 
whioh is ^ten aooompanied by the yeax in whiobt the paper 
waa made, or other words to &note the qnalilgr (d ihe mann- 
faotnre. 
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SANITAKY ENGINEEBINa—XVI. 

DKAZNAQH AKO WATSB-SUPFIiT (oowblnwd). 

Iff our last paper we gave a few particnlara of the facllition 
available for the empply of amaU outlying villagea and distncta 
with a permanent anpply of water, with aome rough data ae to 
oonaumption, outlay, etc. We now propoae to deal with the 
aame question as applicable to large towns, with some particular 
reference to London. As a matter of foot the present water- 
supply of London is almost entirely conducted on what is called 
the intermittent system—t.e., the water is only laid on for a 
certain number of hours during the twenty-four; and thia, of 
oourse, neoessitates a provision in every house or place whore 
water is required—^the erection of a cistern which shall hold at 
the very least sufficient for the day’s consumption. In many 
of the largo northern towns the supply is what is called con¬ 
stant—i.c., the iwater is always flowing day and night; con¬ 
sequently, no cisterns ore necessary, but a different ol^s of 
fittings are required. In various towns the consumption of 
water per head per day varies very considerably, and is de¬ 
pendent upon looal ciroumstances. In Glasgow, for instance, 
the supply is brought from a distance and unlimited, and the 
autlioritics onoonrage, from a sanitary point of view, what would 
elsewhere be considered os a waste of water. As a result, the 
oonaumption roaches about sixty gallons per hea^l per day, and 
wo may here remark that this, of course, includes all the supply 
requir^ for manufacturing purposes— an element which in 
all largo towns represents a quantity equal, if not greater, than 
that required for household and sanitary pnjrposes. in Man¬ 
chester, whorti there is a supply of water on the constant system, 
but not the same nniimitod resources as to quantity, very 
strict regnlations to prevent waste are enforced, and under 
these the minimum consumption is twenty-one gallons per head 
per day. 

To give an idea of the quantity required on the constant 
system, when there is no wat.or ro<iuircd for manufacturing 
purposes, but only for household supply, wo may quote a case 
of 500 small houses in Brighton, in which the actual consump¬ 
tion was found to be eleven gallons per bead per day. London 
is partitioned oat into districts among vartons oompanies 
—the Now Bivor Company, the East liOiidon Company, the 
Bonthwark and Vauxhall, the West Middlesex, Ijambeth, Kent, 
Chelsea, Grand Junction, etc. Consumption varies materially in 
different districts, bnt it may bo generally stated at between 
twenty and tltirty gaUons per day per head. 

Legislation has recently been busy with the subject of securing 
a constant supply, which is much to be dosireil from a sanitary 
point of view, as in crowded districts, low neighbonrhoods, and 
poor localities the arrangements for the necessary storage are 
frequently insuffioient, and the health of the inhabitants suffers 
accordingly, especially in case of epidemics. We often hoar 
also of a deficient supply of water in eases of fire in certain 
districts, and of delay in getting the water turned on: those 
diffiunltios are obviated by the system of constant supply. 
There ig, no doubt, a general tendency in this direction, opposed, 
however, by the vested interests and conservatism of the water 
companies, who have at present (1872) in London the monopoly, 
tliough the mass of legislation upon the subject is very consider- 
■ able j yet a little inquiry shows very clearly that especially upon 
the points of rating and charges we are practically in the hands 
of the companies. As the constant supply is gradually introduced, 
district by district, as will probably be the case if the Metropolis 
Water of last session comes fairly into play, a very general 
change will be requisite throughout the plumbing appliances of 
the metropolis, a stronger olaasof taps, pipes, etc., b^ig required 
to meet the increased pressure neoessory for a oonsta-ut supply, 
^e majority of existing oistems being rendered nselosa; while 
in places whore the supply is now insufficient, the health, dean- 
liness, and comfort of the inhabitants would bo considerably 
increased. 

Another advantage of the constant supply is well known t in 
northern towns it oonstitatos a handy motive power always 
at command, and the foUovring are the data for calculation. 
We may take the average head of water of an ordinary company 
at about 100 feet. Water, as is well known, weighs about 
62 lbs. to the onbio' foot. We have, Iherefore, always at 
command a power representing a pressure of about SO lbs. to the 
square inoh. In HaUfsx, Bradford, and Leeds this power is 


constantly applied to presses, lifts, and small madiinos of all 
desoriptionB. In this respect London is for behind: the 
companies rduse in all cases to supply water direct from the 
main, but compel the introduction of a eistem; this neutralisos, 
of course, the company’s pressure as a motive power: as if, fdr 
instance, it is required to fit up an hydranliu lift, the head 6f 
water required to work it—say 50 to 80 feet—must be obtained 
from a oistem specially oonstruoted for the purpose, with its 
separate service-pipe; all this outlay being, as wo may say, 
arbitrary, as in the North it is not required. There the corn- 
panioa proteot themselves by the common-sense plan of supply¬ 
ing water by meter; and the.su applications of water-power to 
mochanioal purposes largely increase the demand for water, and 
therefore not only benefit the campany, but by addbig to the 
body of pure water passing through the drains arc, as far as 
they go, an assistance to the sanitary condition of the town. 

The principle adopted in this and many simil.ar instances by 
the London companies must bo false commercially, as the result 
is to limit the sale of water, the article in which they deal, and 
to ourtail the amount that passes throngh the system of drainage 
generally. In the coarse of the next few years, however, we may 
look for some improvement in this respect. The system of 
consuming water by meter is all bnt nnknoum in London, 
while, strange to say, it is nniversally adopted with regard to 
gas, though this latter is far the more difficult to measure of 
the two, almost the only meters at work in the London districts 
being those used by the companies themsolves. 

It might possibly be supposed that there existed some 
meuhanical difficulty in the mcasuTomciit of water, bnt that is 
by no means the case. In an earlier part of this series (No. VII., 
nnder the head of “gas-meters”) wo gave an account of the 
various methods adopted for the measurement of gas, and in 
the case of water there is much loss difficulty, as there is not 
the liability to vary from changes of atmospheric pressure. The 
motive power is the pressure of the supply. In this case the 
weight of the hood of wntor, whatever it may be, can always bo 
made to register the quantity supplied, and the cost of the 
machine need not necessarily be more than that of an ordinary 
gas-meter. One very good arrangement, called Kennedy’s— 
and we believe the subject of a patent—has a piston which 
travels up and down in a cylinder of accurately ascertained 
dimensions; by an ingenions reciprocating aiTangcment tho 
water is admitted alternately above tiud below the piston, and 
the rod above communicates a rotary motion to an ai-rangCTnout 
of clockwork in a separate chamber out of Iho water, so that 
the number of gallons of water that pass thi-ongh tho meter is 
shown npon small white discs with bhick indicators, exactly 
similar to those we are already familiar with in gas-meters of 
various descriptions. '[’here is no real reason why through¬ 
out London all water should not be bought anti paid for by 
meter when required in such quantities for mannfactoring 
purposes os to make it worth while ; the only reason why it is 
not BO is that the comx>anies’ arrangements are not made 
with that view, arid consequently any inqniiy for a largo supply 
of water is mot by a demand which almost invariably makes it 
bettor worth whilo to sink a well and oven erect special pump¬ 
ing machinory*than to pay tho eompanius’ charges. 

As wo before remarked, if the supply of Loudon was ample 
and oonstaiit, tho additional amount of pure water discharged 
throngh the drains would materially assist in their cleansing, os 
in all systems except tho earth system systematic flushing is a 
most important element in tho efficiency of a system of drainage, 
espeoiaily if it be adopted on the wholesale principle above 
mentioned as in use in Glasgow, for we may here note that in 
that city more than 100 per cent, in its rate of consumption 
only represents tho waste water that is allowed to run away 
down the drains. 

In localities differently situated, and not supplied from an 
inexhanstible natural he^ of water, but where every gallon of 
water used has to bo raised either into an artificial reservoir or 
perhaps through a lofty syphon, a system of waste of this oha- 
rooter would entail upon the water company an outlay at Jaaet 
twice as largo as was really necessary, as tho expense of raiaittg 
the extra supply, as we may call it, must be paid for by the 
public somehow or other. Here, then, an altogether different 
set of motives come into play, and it becomes an object so to 
arrange the detaHs of supply that while there is amply sufficient 
for aU neoessory snd si^tary purposes, no outlay should be 
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incurred for xaiainff water to bo allowed to rtu away in waste. 
A glance at onr last paper (p. 116), which explains the general 
method for water-supply in limited districts thronghont the 
country, will really convoy the idea of how heavily such a 
oeurse would press upon the ratepayers of a poor village. 

It is necessary in these oases to exercise all possible care in 
the economising of the supply, and our next paper will deal with 
cisterns, flushing cisterns, and the various meohanioal appliances 
available for this purpose. Having arrived at that stage of our 
subject when the water is laid on to the house, wo next xiropose 
to consider the methods of storing and distribution internally— 
i.ii., witliin the walls of the dwelling-house or warehouse—noting 
the sanitary precautions to be taken, and the best meohanioal 
appliances available for various purposes. 


TECHNICAL DEAWING.—LIX. 

aOTHIO 8TONEWOEK. 

THE PESPENDlCUIiAK KNOLISH PERIOD. 

In the latter part of the fourteenth century, and towards the 
close of the reign of Edward III., symptoms appeared of a 
transition from the perfect and symmetrical stylo thou prova- 
lont, to one wliieh disployod more elaborate and much richer 
work than its preoursor, but was wanting in that chaste and 
elegant yet simple effect for which the Decorated period stands 
unequalled. 

This style, when fully developed, is characterised by the exu¬ 
berance and redundancy of its ornaments. In early examples, 
this eiudchmont was not carried beyond bounds, but in later 
time.s it becomes excessive, as if the chief aim of the architect 
liad been to employ as much time as possible in the doooration. 

From this profuse ornamentation, and minuteness of its oma- 
montul detail, this stylo has sometimes been called the Florid 
Qnthic, but it is more generally known as Perpendicular, in 
consoquonco of the peculiar arrangement of the tracery in the 
window-lhoads, which forms a very marked choractoristiu of the 
stylo. The beautiful flowing oonteur and oorvilinoar lines of 
the tiwieTy, which characterise the Decorated period, were now 
suppressed by mulliotis running straight up from the bottom to 
the top of the windows, and transoms crossing horisontolly. 
Tliere was, however, a horizontal as well as a vortical tendency, 
for wo find the high-pitohod roof flattened, the arches depressed, 



the drop, the fonr-centrod, end someiimea square arohea having 
been used. 

The aroh, in fact, became more and more depressed, the 
monldinga more and more shallow and ineifoctive. The drop- 
awhis perhaps the most provnlont, but as the period advanood, 
sifaVch began to he used which is not to bo found in any other. 
It is described, as a rale, from four eontroa (Kg. 441, Vol. III., 
p. 17), and is called the Tudor aroh. It occurs in every variety | 
which the form is capable of taking. As a general rule, the I 
(^tres of the upper portions of the aroh lie immediately below 
those of the lower, bat ^is is by no moans univeraaL Some-1 


times the whole of the upper portion uniting the ares of the 
ends is stniok from one centre, in which ease, of course, the 
aroh becomes a threo-oentred one (Kg. 440), being, in foot, half 
of an ellipse, or rather of a figure approximating to an ellipse, 
einoe no portion of a true ellipse is a pari of a oirois. Towards 
the close of the style the curvature of the upper portioiu is 
often found so slight that they oan hardly be distinguished from 
straight lines, and in many instonoos, as the debasement of the 
style progressed, they were really straight. Ogee orohos are of 
universal occurronee in the style, and foiled arches are very 
frequent. When' the Tudor arch was not used, we generally 



find the low drop arch. Otlier forms were employed, but of small 
size,.and in combinations of window-tracery and panelling. 

Kg. 509 is an arch from the south aisle of Chester Cathedral. 
The mouldings of this ato continnoas, and the soffit, or under 
surface of the arch, is panelled—both important features iu 
i’orpondionlar arches. 

The mouldings of this period are essentially different from 
those whioh preceded them, and have a character peculiarly their 
own. As a general rule, they arc out on a slanting or chamfer 
plane, and the groups of mouldings are separated by a shallow 
oval-shaped hollow, entirely different from those of the last 
period. 

Fig. 510 is the moulding of the inner and Fig. 511 of the outer 
doorway of the south-west porch of Chester Cathedral. In each 
of those the shallow elliptical hollow is very conspicuous. The 
edges of this hollow were frequently rounded oil’ into two small 
shafts, as in Fig. 511. The double ogee, or brace moulding, is 
seen at a, in each of the above examples. 

The doorways of the early portion of this period hod two- 
centred arches, but the charocteriatio form is the fonr-oentred, 
enclosed in a square head, formed by the outer mouldings with a 
hood-mould of the same shape, the spandrils being filled wiili 
quatvofoils, flambeaux, roses, shields, etc. This square head is not 
always used inside the doorways, for on ogee canopy is some¬ 
times substituted, or panelling is earned down to the arch, and 
there are also some sinall exterior doorways without the square 
head. Double doorways are not frequently used in this stylo. 

The doors themselves were often ooverod with panel-work of 
a rich description, and sometimes with traoory in the hood. 
This will be described in future papers devoted to Qotbic 
woodwork. 

PERrENDIOUnAB ENOUSH WINDOWS. 

The general oharaoteristios of the windows of this period— 
namely, the perpendicular maJlionai, and the horizontal ^nsoms 
—have alre^y been alluded to. The heads of the windows, 
instead of beii^ filled with flowing ramifications, have aleader 
mnllions running from the heads of the lights between each 
moliion, and these have smaller transoms, until the window be- 
oomee divided into a aeries of small panels, and the hea& of these 
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beiiur trefoikd or omqnefiJiled. In tite later windows of whiob another short slight xnuUion rises. These oentres are 

of ttis style, the transoms are often fnmished at the top with a repeated in the lower light on the right-hand side of the win- 
Boiall ornamental battlement, and the mnllions presmtt a eon- dnw, os well as in the light in the centre; bat in this are shown 
cave outline. It is believed that folly half of all the remaining at c, c, c, the oentres from which the arcs that form the rernmn- 
Gothio windows in the kingdom are of this period. The largo ing cusps are struck. In the small light on the left-hand side 
east window of York Cathedral is admitted to bo the finest speoi- in the upper part of the central compartment between the 
men. The example here given (Fig. 612) is from the north aisle prinoipal mnllions are shown at d, d, d, d, d, the ares from which 



Fig. 512. —^WINDOW PBOK KOBTR AISBE OP NOBTBPI.EET CHWBCH, KENT. 


of Korthfleet Churoh, Kent, and is chosen as illustrating most of 
the features desoribed, wUlst its simplicity will enable the 
student to copy it without mubh difiioulty, although for his better 
guidaaoe we may as well call ^ attention to marks in the iUns- 
traMon which serve to denote the centres from which many of 
the ares employed in the constmction of the window must be 
stmek. 

Thus in the large pointed light in the bottom of the window 
on the left-hand side are shown the centres a, a, from which the 
ares that form the lower part of the lowest eusp on either side 
are stmek, and the centres b, I, from which are described the 
arcs that form the pointed head of the light itself, from the apex 


are struck the arcs forming the cusps in the balding of this 
small light. 


CHEMISTKY OF THE FINE ARTS.—V. 

By Professor CmnwH, Boyal Agrienltors] College, Cireneestar. 

V#ATBB-COLOIIB AMD tFEMPBIU. PAIKTHKJ—FRESCO—BIUOXOCS 
PAINTIHO. 

/knm the full detsils already given aa to the nature of the 
materials emplcQred in painting, it will not be necessary to treat 
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ih* ohemiatry trf the Taxions proooeaea in which they arc used 
at aa^ rmy Bieat length. 

Beginning with that method of painting which inrolfce the 
least complication in the process of carrying it out, we may 
■hy a few words on water-colours. Here the flnoly-ground 
pigments mixed with small quantities of gum, sugar, etc., are 
merely spread oxer the surface of prepared paper or ivory. The 
binding material mixed with the oolours provouts any particle 
bom being subsequently removed by friction from tlie painted 
surface, but of course water destre^ any work executed by 
this method, the binding material being dissolved, and no parts 
of the colour remaining but such as havo sunk into hollows of 
painted surface, or actually soaked into and stoinod .it. 
In like manner water-colour drawings do<not resist the injurious 
influences of sulphuretted hydrogen and of other gases. The 
minute protective fllm of gum which satrounds each particle of 
pigment is so far from being repellent of moisture that it 
actually absorbs it freely, charged as it may be with all sorts 
of dissolved impurities. Water-oolonr painting, then, offers but 
little chemical or mechanical advantage, so far as the preserva¬ 
tion of the pigments against mjurious influences is concerned. 
Hor must we omit to notice another source of weakness in this 
process—namely, the quality of the paper, vellum, or other 
material used as a surface for the reception of tho colour. 
This material must bo pure and strong, and free from the china- 
clay, pipc-olay, whiting, or plaster of Paris so largely used now 
to give weight and body to inferior papers. Tho less ash it 
yields when a trial piece is burnt, the better; many of the best 
sorts do not yield five parts in a thousand ot ash. Nor should 
there be any specks of motallio iron from the machinery used 
in tho manufacture, for those fragments wiU rust and discolour 
the paper ronnd thorn with iron-monld stains. But the worst 
impurity in paper is a residual trace of the chloride of lime 
employed to bleach the pulp. This will destroy or injure most 
of the lighter tones of the pigments used. Tho purer the 
pulp, and the higher the quality of the rags used, the better 
will the paper bo as to strength and as to freedom from ex¬ 
cessive hygroscopic changes. Paintings exeonted fii tho older 
system of water-colour painting, ae practised after tho middle 
id the last century, were, for a long time at aJl events, merely 
tinted or stained pajmr. But with the progressive improvement 
of this branch of art by Turner and his oontemporaries, there 
came also a wonderful development of tho quality and richness 
of the pigments placed at the disposal of water-colonrists. 
And wiihin the last twenty years or so tho practice of this 
branch ef art has further changed by the gradually increasing 
Tue of opaque or body-colours, lliese are employed as freely 
as in oil-painting, though it is a question how far their use 
should be carried. For after dll you cannot glase over opaque 
wlute with clear tones in water-colour as you oan do with such 
inooess in oil; so that the two methods of painting cannot 
really he assimilated in this important partioular, while the 
loading of opaque colour in water-oolour painting renders the 
work more liable to injury. It must not be supposed, from 
what wo have said above, that the use of water-oolours is of 
recent date. English artists painted with transparent colours 
and gum on linen cloth, at least as early as fte fourteenth 
oentury; while the use of honey as a medium for the oolours 
can also be traced book to medUeval times. But as we have 
said, in speaking of honey, its use is dangerous, owing to its 
absorbent power for water, and liabili^ to change. 

Before dismissing the subject of painting in water-colours, 
we BM>y properly refer to the plans in use for preventing the 
greasinesB of surface which paper and other materials so often 
present. Os-gall would bo a very unobjeotionable material, were 
its oolonr less decided. Solutions of carbonate of soda, of borax, 
and of ammonia have been employed with a similar intention. 
The last-named compound seems to present some advantages 
over the others. 

Tempera painting, or distemper painting, is by no means so 
simple a prooeas, bom a ohemicai point of view, as that just 
destkibod. Not only does it demand the nso of a prepared 
ground, bnt it involves rapid work, and some^ea requires 
■nbsequent treatment of the painted surface. Although in its 
widest aeuae tempera meant any nuwe or less fluid medium with 
which pigments might be mixed, the term vraa gmietally em- 
ployed in oouneotion with tho nao of yolk and white egg 
and psrohment siM. Thepxooen is a vacy aaoient one, being 


mentioned even by Plinyrbnt in a damp climate and impure 
atmosphere cannot be regarded as satisfactory. The egg pre¬ 
parations were sometimes mixed with the milky juice (latex) of 
the fig-tree, sometimes vrith vinegar, wine, or honey. When 
sise was employed, as in inferior works, it was prepared fri>m 
washed parohmont outtings. Tho grounds were prepared with 
plaster of Paris, or size and whiting; upon Uese grounds 
the tempera colours wore laid, while the finished painting was 
often finally saturated, in aome i>arta at least, vrith boil^ oil, 
or other kinds of varnish. Various oontrivanoee were likewiso 
adopted, especially in mural works, to aecnro the peintinga 
from iqjnriee arising from dampness or cracks in the walls or 
panels which were thus decorated. linen, parchment, leather, 
and even leaves were often used for this purpose, being glued 
to the wall, and then covered with a ooat of pla^r or geeso, 
which was then saturated vrith warm parchment size, and thus 
made ready for painting. The generally unprotected condition 
of the pigments in true tempera pictures, the perishable nature of 
sue and egg albumen, and the presence of snlpbur in these organic 
Bubstaacos, are the chief drawbacks in the use of this process. 

Fresco .—^This method of painting demands experience, and 
groat technical as well as artistic skill. Tho psirtioles of pig¬ 
ment ore, it would seem, bound to the surface on which &ey 
ore placed by a fine film of calcium carbonate (carbonate of 
lime), which forms upon thorn. A dry wall, pure sand and 
lime, both free from soluble saline matters, rapid work upon 
the fresh plaster, as well os a pure atmosphere, are among the 
chief oonditions of permanence of works executed in fresco. 
Thera is, indeed, an inferior kind of fresco, called fresco eecco, 
as distinguished from boon fresco, in which the wall plaster is 
allowed to dry, then rubbed down vrith pumice-stone, and 
moistened with lime-water just before oommonuing work. All 
the colours must bo mixed with a little lime, prepared as 
described in Lossou IV. This method is adapted for orna¬ 
mental or decorative rather than piotorial work, and under fa- 
vonnble conditions possesses some degree of permanence. Yet, 
compared with some of the other methods whi(^ remain to bo con¬ 
sidered, fresco eecco cannot bo regarded as of much importance. 

In tree fresco, or hton fresco, the following are the steps 
pursued:—Clean-washed quartz sand, as white, sharp, and 
uniform in grain os possible, is mixed vrith the old lime-pntiy 
described in our former lesson. The proportions used vary a 
good deal, but a usual mixture consists of two parts sand and 
one of lime. No plaster of Paris must bo used in the pre¬ 
paration of this ground or intonaco. It must be laid upon 
a Butfooo of tooled stone, brickwork, rough dry mortar, or 
roughened elate, previously moistened. An air-space behind the 
wall to be decorated is, whore possible, a desirable precaution. 
It has been found that the sand may be omitted from iho into- 
naoo, if its place be supplied by crushed and sifted white marble, 
or even pumice. This substitution, however, may render the 
produotion of an even surface, to whichanexoesBof lime has not 
been brought up by the float, somewhat difficult. Several ooats 
of plaster are sometimes employed on the wall before the final 
one, which is prepared from day to day to receive portions of 
the design. Tho oarliost and roughest coat may havo small 
flint pebbles, etc., introduced into it without disadvantage. 
When the artist is prepared to begin work, the plasterer lays 
on a fine coat of intonooo, about one-eighth of an inch in thiok- 
ness, upon that port only of the wall intended to be at once 
painted. Upon the wet, soft plaster the cartoon is laid, and 
the outlines and important det^ pounoed in, or else indented 
into the plaster by means of a bone point.' The artist then begins 
to paint, using hog’s bristle and other hair brushes, bone or ivory 
palette knives, and palettes of sheet zino. Tints, if much required, 
should be kept ready mixed, and may be preserved in earthenware 
pots, their exaot tone when dry being ascertained by trying a 
Uttle of each on a lump of dry nmber or olay. It is impossible 
to desoribe in writing all those minute details of the praotioe of 
fresoo which it is necessary to recognise in working. Suooesa 
can only be seenred by experience. Still it may be as well to 
note that the absorption id the moistnre of the ooloured tints 
by the ground has to be eorefully vtatohed. When this suction 
is too rapid the colours may very probably oease to become 
firmly adherent; a fine spray of lime-water, directed on to the 
part which has become too dry, has been found snooessfol in 
remedying tins aocident. Before noting the pigments which 
may he salely employed in fresoo, a ward or two on the ohemistzy 
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ot the prooew may sot be unodvisable. The gradnal absorption 
of OBibon dioxide or oarbonio aoid gas by part of the lime in 
the ground wldoh has not before been carbonated, seeme to be 
the only ohemioal action 'which takes place in a fresco Anting. 
Bat the assertion has been often m^e and repeated that a 
caloinm silicate (silicate of lime) is formed in the coarse of time 
by the reaction of the lime and the silica of the plaster, and 
that the hardness of old mortars and similar preparations is 
mainly doe to 'this oanse. This idea is scarcely supported by 
the intense hardness which mortars made of lime and non* 
eilioeoas substanoos often acquire, nor indeed by the analysis 
of the old Koman and medimral mortars themselres. It is 
possible that traoee of such a silicate may be found when 
slaked lime and sand containing soluble silica remain long in 
contact. But the absence of mntual decomposition in the cosq 
of mortars made of dissolved water-glass and calcium carbonate 
renders extremely improbable any distinct union of lime and 
silica in -the cose of the ordinary mixtures containing sand used 
in fresco. Mr. BarfF, however, states* that “ lime, in the pre¬ 
sence of water, acts upon the sand, dissolves and unites 'with 
some of the silica of which the sand is composed, and so a 
silicate of lime is formed; and this silicate of lime forms, I 
believe, the binding power in mortar." 

In speaking of the colours which may be safely used in fresco, 
we may cite one simple test to which it is easy to submit them. 
Let a nuxture of any doubtful pigment and some strong lime- 
white be aUowod to grow gradually dry on a piece of earthen¬ 
ware. Then moisten it once or twice, and sec if its colour 
remains as at first. Some inadmissible pigments may stand 
this test, but it is clear that ail colours which do not stand it 
should be at once rejected. Ochres, eadmium yellow, cobalt 
yellow, some varieties of vermilion, and all the iron reds, 
chromium oxides, Guignet’s green, some cobalts and ultra¬ 
marine blues, with a large number of mineral and carbonaceous 
browns and blacks, may be safely employed in fresco. Vegetable 
and animal colours, with the exception of one or two combina¬ 
tions of organic acids with lime or magnesia, such as the 
enxnnthates and picrates of these bases, cannot be safely used. 

SiUceoua painting .—^The only kind of siliceous painting which 
can be regarded as of real practical importance, is that invented 
by the late Prof. Fuchs, and largely used by other German artists. 
Stereochromy—for such is the name applied to this process—has 
undergone several modifications in details since its first intro¬ 
duction. In giving an account of this most valuable method of 
painting, we shall describe the varioas steps of tliat form of the 
process which has proved to be the most successful. 

A dry ground, free from sulphates, whether soluble or in¬ 
soluble, and from all soluble matters of other sorts, is a neces¬ 
sary preliminary to a storeoohromio painting. Some cements, 
such OB Portland and Boman, which contain sulphates, have 
been, however, recommended as ingredients in the mortar- 
ground. Bain does not injure a picture painted by this method, 
but damp from behind or soluble saline effloresoenoes 'wUl do 
so. The ground may be a mortared wall, a eurfooe of terra¬ 
cotta, a slab of stone or slate, or such a surfaoe as would be 
^table for fresoo. Such of those grounds as exhibit joints or 
irregularities may be rendered available for use by means of a 
kind of cement or intonaoo, which is made by mixing precisely 
such sand and lime as are best adapted for securing the surface 
desired, which should not bo toe smooth or too dense. Three 
parts of fine sand to one of lime is found to be the best pro¬ 
portion generally for the intonaoo, which should be one-eighth 
to one-tenth in thickness, and which may be laid upon a mortar 
or undercoat of coarser quality: two undercoats ore often 
used. A ground containing more sand, half fine and half 
coarse, has been found to give good results. A 'water-glass 
cement may be used instead of these mortars. It may be 
mode by mixing sand, lime, sino-white, and water-glass toge¬ 
ther, and laying the mixture on as an intonaco. Or omshed 
narUc or limestone, or, better still, dolomite, or indeed any 
focky material adapted 'to take the place of the sand, may be 
hstd instead of it in this gement, provided it be reduced to a 
proper and uniform degree of fineness in grain. The 'water- 
glass used in preparing this cement is that variety known as 
doubto water-glos^ containing both potash and soda. Its pre¬ 
paration has been given in the preceding lesson. Unlike Ihe 
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'water-glass which has to be subsequently employed for fixing 
the finished picture, the water-glass used in the mortar need 
not be rendered alkaline by the addition of caustic potash or 
soda. It will be none the worse for the presence of an excess of 
sihoa, introduced by shaking up with the solution some gelatin¬ 
ous silica recently precipitated. If the ground thus prepared, 
or any of the other grounds just mentioned, axe not absOTbent 
enough, they may bo improved in this respect by, burning a 
little spirits of wine upon them, a very useful expedient, in 
dealing with damp or non-absor^nt widls, in many processes 
of mural decoration. Another way «f curing a too dense or 
non-absorbent surface is by washing it over 'with a weak solu¬ 
tion of phosphoric acid, or of monocalcio phosphate (biphosphate 
of lime), ^e plan, however, of saturating either the wall 
itself, or any of the mortars or other grounds just named, with 
soluble silicates or water-glass, though formerly recommended, 
is not now practised by any of the great German authorities on 
this process. It is still more important that the final coat of 
fine mortar, rich in fine sand but containing very little lime, 
and perhaps about -ten or fifteen per cent, of xino-white, should 
not bo saturated -with water-glass before commencing actual 
work. We are aware that Professor Barff gives (1870) en¬ 
tirely different directions, stating that both the under-ground 
and that which has to receive the painting must be saturated 
with soluble silicate. This, however, is a plan which the best 
stereoohromio artists have long ago abandoii^. 

When the surface is dry it is prepared for work by moistening 
it with distilled water, or -with lime-water, if the mortar has 
been spread some time, otherwise a solution of ammonium 
carbonate may be used. Then the colours, mixed either with 
distilled water, lime r water, or baryta-water, and containing, 
whenever possible, a little sine-white, are laid on in the manner 
of fresoo painting. Evenneas of distribution is a great point 
hero; the colours should not be loaded or laid on 'with an 
excessive impasto. White draperies may be painted in sine- 
wliite, the only white admissible, or the ground may bo loft. 
Cross-hatchings arc allowable, yet all the work should be 
done as much os possible before any part of the picture is sub¬ 
mitted to the fixing process. The use of lime-water 'with the 
colours, and in wetting the 'wall, enables touches to be put in 
one upon the other without disturbing the paint already laid 
on. The fixing is performed with a syringe 'with cross jets, or 
with an apparatus in which a spray is produced by the violent 
commingling of air and water-glass solution. Wo have found 
that'(he little iimtrument colled "rodorateur,” or "labonffde,” is 
admirably adapted to the work of distributing the fixing liquid 
upon the painted surface without disturbing the colours. It 
should be connected by an india-rubber tube with the nossle of a 
pair of bellows or a blowing machine, the tube of the instru¬ 
ment dipping into a vessel of the fixing liquid kept warm. The 
fixing liquid is the double water-glass before referred to, and 
described in Lesson IV., or else pure potash silicate; but before 
it is used for our present purpose it should be alkaliaed by 
adding to fourteen parte of it, of epecifio gravity 1'2, one port 
of pure caustic potash solution, of specific gravity l'S3. Previous 
to use this liquid may be dilated with from one-half to twice its 
bulk of distiliod vyrater. Bepeated applications of a weak water- 
glass ore better than fewer applications of a more concentrated 
liquor. The fixed surface, when dry, mtut not sbina The 
Buoeess of the fixing process may be ascertained by passing a 
dry white cloth, and then the same material wetted, over the 
painting. If a little colour comes off from the rough points, it 
is of no consequence; but if anything like a amear occurs, it 
shows that the fixing process must be repeated. It is an 
advantage to the finished painting to be once and again sponged 
with warm distilled water, any soluble salts which may effloresce 
on the surface being thus removed. There is, however, a 
silioeons bloom which sometimes appears on stereoohromio 
pictures, and this no mechanical or chemical process can 
remove. It occurs when over-silioated water-glass is used. 
This hard white opaque film may, however, be rendered trana- 
parent by a process which the author of these papers nasd^ ten 
years ago for this purpose, namely, the application of a warm 
solution of oopal and' paraffin to the donded surface. 

The colours used in stereochromy ore used in fresco. Other 
colours also have been empk^ed, ^th by E n glis h and Geman 
artiais; a few pigments even ot vegetable a^ ani-mal origin 
having been found to poesesa on unexpected permanence. 
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PBACTICAL APPLICATION OP THE PINE 
AKT8.—Vlll. 
the AET OT OLA88 PAINTIHO. 

SjT, B. Siuaom, FroCanor of Snwiug, Eiag'a College, Loadon. 
We giro two illnatratioiiB of TBiions ohaiacter, and Bome- 
arhat ndvanoed npon the pioviong designs. The one (Fig. 14) is a 
Pope in the atiitade of blessing, and is in the cingue-cintto stylo. 
It is impoSBible in a woodont to give either tho colours or even 
toohnioal representations of ooloor which will bo at all satis¬ 
factory. We will attempt, however, to desoribo the oeloors 
as ih^ appear in the original shotoh at the moment before 
tho writer. The ornamental seat (cxoept the oashiou, which 
is red) and side ornaments are of a rather bright yellow, 


having a thinner coating of the flnshing. The broad border 
and fringe will have to be of white glass for tho sahe of 
leaving the rows of pearls of that colour, hut the whole of 
the rest will require the st^, as well as, of oourse, the shade 
in the necessary parts. The skirt below this, again, is also 
of rather tWok white glass, which will only require delioate 
shading. This and the sleeves are supposed to be parts of the 
same garment, and are ef tho same ooloar, except ihe upper part 
of left arm, which is the same light violet as the lining of 
the chasuble. This latter is of a deep gold tissue, and should he 
coloured aooordingly, whilst the belt and brooch are supposed to 
be of pnre gold, therefore of a brighter and oloorer colour. Aronndl 
and beneath the feet of the pontiff is the blue sky, and here again 
is room for the employment of taste in the ch^oe of the blue. 



Fig. IS.— THE' uoH er st. kabk. 


hsightened by the stain and by shade to a deep orange in the 
ornauasital {nuts, the plain spaces remaining the original 
dolour of the glam. T^ interiors of the arcade beneath the 
seat are of a bright emerald or malaofaite green, and have 
witUn them a seoond line parallel to the loading, which ie not 
given in the ont. The nimtm$ or glory round the pontiff’s head 
is of a weiy light bright yellow ooloor, shaded off in rays so as 
to look like a sun behind the head. This is effected by the 
stain, Hie deepsr-eolonrod cross is of a rather light crim¬ 
son ruby glass, a little lighter and rather loss crimson than the 
oassgek or nnder-garment, whiofa, of course, is the striking 
0 <dofflN>f tiie whok vrindow. As this latter is the colonr to 
whicdi all the rest has to lead up, it will be neoessaty to eheose 
tUa ffrst, and to make all tiie rest subservient to it. This 
behsg a finshsd glam, it is easy to seleot snob glass as will have 
oon^tod>lo moMoations of tiie ruby oolonr: thns the promi¬ 
nent knee on tiie right hand of the fignra shonld be lighter, 


If it were possible to obtain some of the old twelfth-oentnry' 
blue, that natorally wonld be the eolonr to be desired, but fail' 
ing this we must obtain the nearest approach to it that is possible. 
Of course in the sky we would not introduce more shade than, 
is absolutely necessary: a Uttie will be required, and this may 
lead off gradnsUy towards the leading. , If mneb is used it will 
take away greatly from the transparency whibh is so greatly to 
he aimed at. But what cannot so well be effected by s h a d i n g 
may be partially bronght abont by a ohoioe of uneven glass 
and glass of a different tone. The greater the irregnlsiily the 
pleasanter will be the effect. It remains to mention the idoadB 
at tiie bottom; these will be white, and rounded off by shading. 
The staff is white vrith golden ornaments. 

There is plenfy of room for taste and ingennity in tho 
planting of this design. In the mere decoratums mneb 
may be done with the stain in oansing variely, and bring' 
ing forward the varions ornamental ps^. In the drapery. 
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again, ve luiTe only slighily indicated the principal folds, whiclt 
niiiit be ooiried ont and deepened by the artist. The folds 
and embroidery of the chasnble, also, require attention, and 
in these matters 
the enthnsiastio 
operator will * be 
distinguished from 
the mere workman. 

In the face, hands, 
and foot ihore is 
opportonity again 
for the display of 
the utmost skill. 

The original, as it 
lies before ns, 
shines forth with 
a oonntenanco of 
blond meekness and 
amiability, which it 
will tax the inge¬ 
nuity of the most 
skilled ort-work¬ 
man to imitate; 
but those things 
should be at- 
tempted—it may 
not cdwuys bo with 
success, but many 
failures make a 
sucoosB: and every 
hood carefully and 
oonsoientiously 
worked out, and 
every hand or oven 
foot drawn accu¬ 
rately from nature, 
or copied from a 
groatmaster, brings 
with it the power of 
eieoution, and the 
knowledge of form 
and anatomy, that 
was impossible 
without such prao- 
tice. It is perfectly 
certain that a men 
who slurs over 
hands or feet will 
never accomplish 
the more observed, 
though not more 
difficult, counte¬ 
nances which will 
convey expression, 
thought, and 
beaufy. ^e hands, 
too, must be made 
to aooord with the 
age and oharooter 
of the figure, ^e 
young, plump 
hands of a girl wiU 
not fit themselyes 
te the figure and 
oountenonM of an 
ecclesiastic, nor 
will the hands of a 
priest be adapted 
to the habit of a 
boy. The warrior, 
the scribe, the 
youth, and tiie old ^ 
nuia ought os much to bo detected in the hand os hi the face. 

In our oiffier diagram (Fig. IS), the lion of St. Mark, we have 
nther a vehicle for a colour and a oomlnaation of agreeable 
lines, than either beauty of design or dheet paipose of oon- 
vqring tdeos. Tliere most be spots where ibe grotesque and 
°olonr, without ideas, is more suitable than more elaborate 


work. In this, too, wiU be found a leseon of ingenufi^ in 
placing the leads. It is possible to arrange the joinings in 
such a window as this that they do not in the slightest degroo 

strike the eye; or, 
on the other hand, 
it ie quite open to a 
misguided imitator 
of antiquity to 
avoid the natural 
divisionB, and te 
insert jnet those 
which will most 
readily strike the 
beholder, wo had 
woU-mgh said, with 
horror and amaze¬ 
ment. Deep, pri- 
luaiy colours will 
bo found very suit¬ 
able for tbe pre¬ 
sent design, as for 
instanceadeepmby 
ground, with a 
golden lion height¬ 
ened with the stain 
in some places, a 
white or antiquo 
white (a greenish 
toned glass) label, 
with the lettering 
as black as pos¬ 
sible, and a scroll 
pattern in brown, 
witfaiu concentric 
rings of a purplish 
white, a good blue 
and a white glass. 
A little shading 
may bo introduced, 
but much would 
interfere with the 
tran sparenoy, 
which, however, 
would rather be 
heightened by a 
running lino of 
scroll-work intro- 
duoed with taste 
and elegance. 

With these two 
examples we bring 
to a conclusion onr 
Lessons in Glass 
Painting; wo have 
endeavoured in tbe 
earlier ohaptore of 
tbe series to de¬ 
scribe clearly and 
Buocinotly the va- 
riouB prooesBoa em¬ 
ployed in the art, 
and onr later lea- 
eons have been 
ohiefiy devoted to 
the practical appli¬ 
cation of tbe rules 
we have laid down. 
Of the importance 
of this bronA of 
Art Manufacture it 
is hardly necessary 
to Bpetde. ^Qlase 
painting, which in this country had slmost become a lost art, is 
now steidily reviving, and the workshops of many of onr 
English manufacturers oon show spooimena which for correct¬ 
ness of drawing and beauty of colour ore no whit inferior to 
the finest exeunples of Continental art. The leeaons on glass 
painting will be followed by a sories on moaoio work. 
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BtJILDEES’ QUANTITIES AND MEASURE¬ 
MENTS.—VII. 


16) 


BT B. WTKDHAH TABN, H.A. 

Wb dull now esemplify the fotegoing roles by giving an 
imaginary dimension book and abstract, the quantities of which 
will hore^ter appear in the general bill. In tahing oot quan¬ 
tities or measuring from the building, surveyors generally 
abbreviate several of the terms which have to be frequently 
■rei)eatod: thus, P. w. is put for “ plain work,” b. w. for “ sunk 
work,” H. w. for “moulded work,” c. w. for “ circular work,” 
C. 8. W. fcr “ circular sunk work,” c. m. w. for “ circular moulded 
work," and so forth. 


15) 


2) 


2) 


KBNrrSH BAQ STONE. 


50 0 


24 inch rough random wall- 

26 6 

1325 0 

lug. 

6) 6 6 


Odct. 

3 6 

136 6 



1188 6 


SO 0 


24 inoh random eonrsed 

26 6 

1325 0 

walling. 

6) 6 8 


Ddot. 

3 6 

113 9 


3 6 


Ddot. 

3 6 

29 0 



' 143 6 



1181 6 


8) 50 0 


Pointing in blue ash mortar. 

26 6 

3650 0 


11) e 0 


Ddot. 

2 0 

166 0 


8 0 


Ddot. 

2 6 

20 0 



185 0 



2465 0 


100) 2 0 


C. bonditones. 

1 3 



0 9 

187 6 

. 


FOBTLAHD STO 

'NB. 

30 0 1 


4 inch ashlar facing. 

26 6 

795 0 


6) 5 6 


Ddot. e 

2 6 

82 6 1 



712 6 


SO) 2 4 

i 

C. bottdstoaea. 

1 6 

i 


1 0 

i 175 0 


15) 3 9 

1 0 


C. ipendrU steps. 

0 4 

18 9 


IS) 8 9 


HoU-sawing. 

1 2 

65 8 


1S)*^8 9 


P. W, to top and Ircnt. 

1 7 

89 1 


18) 3 9 


Add soffit. 

1 2 

1 65 J 



2 ) 

2 ) 


5) 


5) 

5) 

5) 

6) 


8 9 

0 4 


3 9 
No. 

I* 

5 9 
1 0 
0 5 


IB 9 

56 3 


S. yr. to rebate. 


I 


Chamfer 2 inch wide. 


30 holes drilled for balasters. 

IS catting and pinning ends of steps into walk 
C. winders. 


5 

9 

1 9 

5 

9 

1 

6 

5 

9 

1 

» 

3 

9 

3 

9 

0 7 

3 

0 

3 

9 

—- 

3 

9 

0 

7 

7 6 

15 

6 

3 

0 

15 

6 

6 

0 

22 

0 

0 

5 

22 

0 

6 0 

4 

4 

1 

0 

0 6 

4 

4 

1 

0 

4 

4 

1 

5 

3 

6 

0 7 

4 

4 

33 

0 

3 

0 

1 3 

33 

0 

1 

3 


7 2 


17 3 

20 2 
No. 2 ends out and 

8 4 

14 1 

2 2 
7 6 

46 6 

93 0 

9 2 

22 0 

6 0 

10 10 

21 8 

SO 8 

10 * 

21 8 

U3 9 

41 8 


I Half-sawing. 

F. W. top and front. 

Ca S. W. soffit. 


into wall. 
G. landing. 


F. W. to top and bottom. 


Add front. 


Cutting and pinning in 
wall. 


3 inch balcony. 


F. W. top and bottom. 


iL W. front and ends. 


Throating. 


Joggled Joint t# 3 inch 
landing. 

C. sols. 


Fbdn bed. 


F. W. top, front, and pro- 
jeotion. 


S, W. top. 

Throating. 

C. oomloe. 

HsU-sawtaf. 
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9} 

SO 

0 

Plain bed. 


1 

6 

90 0 

10) 

8 

0 

Add joinbi. 


1 

8 

87 6 


36 

0 

a W. top. 


1 

0 

54 0 


89 

0 

NC. W. firont. 


2 


87 9 



No. 4 

1 mitree to oomioe, 2 ft. 3 in. girt. 




stopped ends to ditto. 



H 10 plogSp 10 llw. lead. I 

10) 

0 7 

5 10 Groove for lead. 


SO 

0 

C, blocking. 


2 

0 



0 

9 

45 0 


SO 

0 

Half-sniring. 


2 0 

60 0 


31 

0 

P. W. 


2 

0 

63 0 


30 

0 

Add. 


0 g 

23 6 

10) 

1 

0 

10 0 Groove for lead. 




No. 10 pings, 10 lbs. lead. 




,, 20 elate dowels in cement. 

2) 

7 

e 

C. colnnme. 


1 

1 



1 

1 

17 7 

2) 

1 

1 

Plain bed. 


1 1 

2 4 

2) 

7 

6 

c. s. w. 


3 

3 

48 9 

d) 

3 

3 

Add. 


0 

6 

6 6 

2) 

2 

0 

C. capitals, 


1 

9 



1 9 

12 3 

*) 

1 

9 

Plain beds. 


1 

9 

12 3 



No. 2 carved capitals to design. 

2) 

1 

0 

C. bases. 


1 

6 



1 6 

d 6 

d) 

1 

6 

Plain bed. 


1 6 

• 0 

2) 

3 

6 

C. M, W. 


0 9 

3 

2) 

8 

0 

P.W. 


0 


3 0 


No. 10 elate dowele is oement. 20 morUoe holee. 


») 

1 7 

1 6 

1 1 

n 

1 7 

1 1 

7) 

1 7 

1 2 

7) 

1 S 

1 3 

7) 

1 3 

0 9 

«) 

6 6 

C) 

6 6 

0 9 

6) 

6 6 

1 6 

fi) 

4 6 


25 0 

1 6 

0 6 


25 0 

1 6 

8) 

1 6 

0 6 


25 0 

1 6 


25 0 

1 0 

2) 

1 C 

0 6 


53 0 

8) 

• 

0 8 

SO) 

3 1 

1 10 

1 1 

60) 

3 0 

1 9 

60) 

1 9 

1 1 

60) 

4 6 

1 0 

60) 

11 0 

0 8 




C. TOoMoli to axah. 


naimlMd. 


aw, bed. 


C. W. lofflt. 


' C, M. W. 


Llnteb, 0 in, m 9 la. 


fioin bed. 


27 0 Chamfer. 


C. ooping. 


fiainbed. 


Add Jointe. 


a w. top. 


25 0 I 


P. W. frout. 


Add ends. 


53 0 ThroaUng. 


2 0 I Gboore tor lead. 

Ko. 8 plage, 4 Ibe. leaA 

I C. qnoinB. 


Plain bod. 


Add Jointt. 


P. W. front. 


225 0 


276 0 
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6) 4 4 

SI 0 

4 6 
Z 6 


TOBX BTONX. 

26 0 j 3 la. weatbered, throated, 

I and tooled sill, B is. wide, 
Ho. 12 (air eoda to ditto. 

61 0 |3is,tooledecqpisg.l2in.wide, 

I weathered oad throated. 
Ho. 2 (eir enda to ^tto. 


U 8 


7 ha. sink. 


18 0 

9 6 


43 0 


30 0 
12 6 


114 0 

43 0 

PAVING. 
375 0 


2| pariag. 


Cuttiag edge to ditto, 

I 

EUand edge aets ha aosd, 
oad grouted. 


4) 16 

1 6 


Ko. 1 rounded eoniec to ditto. 

„ 1 rebated hole to ditto, 

I 3 in. template. 


9 0 


22 • 

a a 


49 6 


3 is. core tor cornice. 


6j 3 6 
1 6 


31 6 


3 in, rubbed hearths. 


30 


0 


SO 0 


Qrosite oorb 12 x 6. 


4) 3 6 

1 6 


2) 13 0 

0 7 


UABBLIS. 
21 0 


2 is. polished slabs to fire* 
placea 


15 


1 in. mantel, jambs, and 
shelt. 


Ko. 4 console chimney pieces, valuo 10 ge., P. C. 


ABSTRACT. 


Kentish Bug. | 
Cube bond, j 

ft. j 
187 6 j 

Btiperf. I 
21 in, rough ! 
random walling., 
9)1188 6 I 

131 yds. I 

81 in. coursed ! 
walling. 
9)1181 6 

131 j yds. 

Fointinginblue 
ash mortar. 
9)2465 

274 yds. 


Portland Stone. 


Cube. 

Superf. 

Bun. 



■ 

ft. 

Half 

8. W. 

Lintels 0"x 9", 

175 0 

Sawing. 

ft. 

in lengtliB of 

18 9 

ft. 

18 9 

6 ft 0 in. 

7 2 

65 8 

10 3 

ft. 

10 10 

80 a 

54 0 

39 0 

123 9 

41 3 

12 11 


45 0 

60 0 

37 0 

Qroore for lead. 

17 7 



ft. 

12 3 

2)187 1 

133 5 

5 10 

4 6 



10 0 

18 3 

03 7 

M. -W. 

2 0 

18 9 


ft. 


305 10 

Plain bed. 

9 2 

17 10 


ft. 

87 9 


757 8 

21 8 

275 0 

Cbamfer. 


127 6 


ft. 

lA&dlng. 

2 4 

371 11 

56 3 

ft. 

12 3 


27 0 

8 4 

9 0 

C. W. 



12 0 

ft. 

83 3 

Superf. 

29 3 

13 1 


in. ashlar 

43 6 


CntUng and 

ft. 

262 6 

C. 8, W. 

pinning to 

712 6 

94 10 

ft. 

landing. 



20 2 

ft. 


614 10 

55 3 

7 6 


P. W. 

75 5 

Throating. 


ft. 


ft. 


154 9 

C. 11. W. 

22 0 


17 3 

ft. 

21 8 


16 3 

5 3 

83 0 


93 0 

6 7 


30 8 


96 8 


85 C 

11 10 



8 0 


Joggle to 3 in. 


58 6 

3 in. 

landing. 


26 6 

balcony. 

ft. 


225 0 

ft. 

6 0 


- . . .1. 

46 6 



710 5 




Nos. ''j 

Caxred capitals j 
to design, 

2 

Mortice boles. 
20 j 

Holesdor balus¬ 
ters. 

30 

Cutting and 
pinning ends 
of stops. 

15 

2 

17 

Mitres to cor- 
uieo, 27 in. girt. 
4 

Stopped ends 
to ditto. 

2 

Plugs, 

10 

10 

8 

28 

Slats dowels 
in oement. 

20 

10 

30 

Lead. 

lbs. 

10 

10 

4 

24 


York stone. 

1 Paving. 

1 Marble. 

Super!. j 

Buns. 

1 Superf. 

j Superf. 

7 in. sink, i 

3 in. siU, 9 in. 

1 Etiuud edge 

'2in.polia'bed 

ft. 

w ido, wea- 

Bet8 in fiiaud 

slabs. 

11 3 

tbeced and 

luid Kvouted. 

i 


throated. 

It. 

21 0 

.3 in. rough in 

ft. 

9)375 0 


templates, etc. 

26 0 

— 

1 1 in. ditto. 

ft. 


41 j yds. 

1 ft. 

49 6 

3 in. coping,12 

1 15 2 

9 0 

in. wide, ditto, 
ft. 

Btiu. 

Granite curb. 

1 

! Not. 


58 6 

51 0 

12x6. 

ft. 

Console 

chimney- 

3 In. rubbed 

Cutting edge 

30 0 

piece, 10 

hearth. 

of paving. 


gs., P.C. 

31 6 

2} paving, 
ft. 

9)114 0 

12j yds. 

ft. 

43 0 

Nos. 

Fair ends to 
sills. 

12 

Fair ends to 
coping. 

2 

Bonnded eor- 
ner to 7 in. 
sink. 

1 

Bebated bole 
to sink. 

1 

4 


1 




GREAT MANUFACTURES OF LITTLE 
THINGS.—VI. 

BT OHARLX8 BIBBS. 

NEtiDLEB. 

A PLBAaABT little oonntc; tows on the borders of Woroester- 
ahiie, Bitnaito in the midst of the finest scenery in the Midlnade, 
is idia present aaai of the needle menofaotnre. Why it ehonld 
hnte settled down (h»t preoiio gpot, after migniting from 
place to plooe, with eomething of the eomlessnesB which 
cbamcteriaeB the wondeiinga of n tramp, it is not easy to ex¬ 


plain. Bnt whatever the oanso, it cannot be otherwise than 
gratifying to find a thriving m ann f actming community planted 
in the midst of oom-fleldB and eattle poBlores, eigoying the 
benefits of pore air and ample spaoe, instead of being orowded 
into an overpaoked town, where breathing-room is an almost 
unattainable luxury. Bedditoh, whio^, aooording to the latest 
oensns, has about 7,000 inhaldtaute, all of whom depend, in 
some way or other, upon the needle manufaettore, with the ex¬ 
ception of some few who are engaged in the making of fish¬ 
hooks and pins, has established a reputation throughout the 
whole world, not inferior to that enjoyed by Sheffield and 
hburohesier for their special pcoduotians. Ibongh it has a half- 
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foial popolfttian, not free from iliat bnoolio fixity of idea which 
offore a passive rosistanoo to progress, the improvements in tho 
needle manufaeture have quite kept pace, espeoially of late 
years, with the meehanioal advances of the time. A Bedditoh 
needle, smooth, olear-eyed, gently tapering to a point of extreme 
fineness, poBsessing the happy medium of springiness and 
rigidity, and os straight as a P^hian arrow, is as near per- 
feotion as it is possible to be. The processes of its production, 
which we now proceed to desoribe, differ in many respeots from 
those in use only a few years ago. 

The steel wire of which needles ace made is procured prin¬ 
cipally from Sheffield. That centripetal force which tends to 
concentrate tho VMious factors of production into one spot is 
at work in tho little town of Bedditoh, and there is some talk 
of a wire-mill being established, to render it independent of 
that source of supply. The wire ooinoa in coils, and is first 
cut up into lengths suffioient for two needles. A strong pair 
of shears is fixed in an upright position, and the cod being 
slung on a hook to relieve the workman of its weight, is cut 
through, and afterwards fed up to tho shears by his left hand, 
while his right holds the gauge which measures off the length. 
The handle of the shears is worked by his thigh. The wire is 
soft, and the shears will cut through a.'iO wires of medium 
gaugo. Those short piooos have then to bo straightened, as 
each partakes of tho curvature of the coil from which it has 
boen out. Tho method of doing this is curious. A number of 
pieces, say 20,000, ore placed within two rings, which hoop 
them about half-way between the centre and the extremities. 
Ihey are not packed lightly in these rings, but lie loosely, tho 
space being about throe-fourths filled. All is then heated to a 
dull rod, and the rings being m.ado to stand upright on a slab 
of iron, tho straightener takes a bent stool bar by its two ends, 
and pressing heavily with it on the middle part of tho wires, 
between two rings, rolls them over each other by o long sweep 
from aide to side. When he has operated sufficiently on those 
at tho to}i, he makes the rings roll on a littlo way, and another 
portion of the wires comes tmder the robber. Thus ho goes on, 
until every individnal wire is perfectly straight. The next 
operation is to point them. The former method of doing this 
was very similar to the old process of I'ointing pins, dosorihed 
in our last orticlu. Tho workman sat boforo a dry grindstone 
revolving at high spood, hoHing between tho palms of bis 
hands from fifty to a hundred needles, which ho rolled back¬ 
wards and forwards while ho pressed their points upon the 
stono. It was a murderous occupation. Tho fine dust found 
its way to the delicate ahr-paaaagoa of tho lungs, clogging them 
up; and was so deadly in its effects that no pointer could look 
forward to more than ton or fifteen years of life after ho began 
to follow hit! trade. About twonty-flvo years ago, tho use of , 
tho Sheffield grinder’s fan, introduced by l)r. Holland, greatly 
lessoned this risk; bnt strange to say, tho improvumont mot I 
with a vigorous opposition fix>ra the very men it was intended ] 
to benefit. The certainty of speedy death had operated to their 
advantage in one way; it had kept up for thorn a high rate I 
of wages, by limiting their numbers, aud frightening new 
comers. A noedlo-pointer conld earn as much as a pound a 
day daring that brief period when his powers were at their best. 
If the oooupation were rendered harmless, ttio rush of com¬ 
petitors from other less lucrative branohos would soon reduce 
his wages to tho common level, and his dull selfishness regarded 
this as an invasion of his monopoly. Ho resented as an injury j 
to himself tho merciful expedient which would deprive him cf I 
the opportunity of selling his life for gain. Tho fan-blower 
exhausted tho air from a tube with a funnel-shaped mouth, 
placed at tho back of tho grindstone, and the particles wore 
drawn down into a box underneath. Despite opposition, tho 
invention became universally applied, and pointing was os 
harmless as any other branch of the manufaotnro. Another 
Nvolution was impending which was much more fatal to tho 
interests of the pointers. This was tho jntroduotion of the 
needle-pointing machine, generally supposed to be a Gorman 
invention, but of wliioh the first crudo idea had appeared in 
a machine of English construction some years before. This 
latter was only partially snooossful, but there was enough in 
it to alarm the hand-pointers, who, on its becoming disusod, 
olubbed to purobase it, and broke it up solemnly on Bedditch 
flreen. The present machine is very beautiful in its oon- 
•tmotion and effective in its working. The grindstone, which 


is broader than that used for hand-poiating, is turned with 
the most perfect accuracy, and its periphery is hollowed out 
like that of a pulley, only ma(di shallower, cmd the true arc of a 
circle. An iron wheel, oovered with vuioanised india-rubber, 
revolves over this at an oblique angle, very slowly, being so 
hung SiS to traverse the hollow of the atone without touching it. 
A steel band encircles this wheel underneath, between it and 
the stone, which still is not aotnally touched, though-the band 
lies very close to it. Down an inclined plane at tiie side a man 
feeds the wires on to the wheel, which takes them down between 
itself and the steel baud, oausing them to rotate at tho same 
time, and bringing their points gradually to bear on the stone. At 
first the extreme points only are touched, but as the slowly- 
rotating wheel pursues its diagonal course, the bevel extends np 
the shaft of the needle, and gives it tho swelling taper whioh so 
much delights the seamstress. As they come up to tho opposite 
end of the steel band, tho wires drop off into a trough, and are 
ready to bo put through again for the purpose of pointing their 
other ends; each wire, be it remembered, having to form two 
needles. Forty thousand needles con be pointed in an hour by 
each of theso machines. A fan-blower acts upon each machine, 
and tho shower of sparks, which represent fine particles of steel, 
are drawn down the tin tube by a strong draught. A maohiae 
of similar construction brightens tho middle part of the wires, 
whioh are black and scaly from having been heated red-hot in 
the straightening, tho object being to make a eloan plooo for 
the stamp to act upon, and form the two heads. This is tho 
next process. A pair of delicately-cut bright dies gives the 
shape of the heads, tho indentation for the eyes, and the gutter 
or groove, if any, which leads np to tho eyes. There are 
perhaps os many as thirty different shapes of oyos known to 
the trade, each being recommended for one qnality or another, 
though the office of all is merely to hold a bit of thread. There 
are round eyes, square eyes, and oval eyes; eyes egg-shaped, 
pear-shaped, and pippin-shaped; and many others. The stamp 
flattens out the soft steel on either side, and the heads of the 
two needles appear os if embossed in high relief from a small 
flat plate. A man stamps them one by one, having acquired 
from long practioo great dexterity in placing them quickly on 
tho bed; and 50,000 or so is but an ordinary day’s work. 
The next operation is to complete the puncture, which is dons 
by a girl at a press. The tools are made to work with great 
nicety, and both holes aro cleanly pierced with one blow. The 
next job is to thread or spit the double needles on wires passed 
throngh tho eyes. This was formerly done by very young 
children, and when the Factory Act came into operation and 
prohibited their employment, there was an outcry that tho 
prosperity of Bedditch was rained for over. But tho needle 
ffistrict still stands where it did, and its shadow has not been 
lessoned by the emancipation of tho little ones. A number of 
needles being spitted and pushed up close together, are 
handed to a man whose business it is to file off tho flattened 
projections left by the stamp. Ho places them flat down on a 
strip of wood before him, and a wjuple of stool clips, tightened 
down by a treadle under the bench, hold tho points firmly 
while ho drosses first one side and then the other of the whole 
row. The double neodlos then easily break asunder in the 
middle, each side, being still spitted on its own wire. He than 
seixes tho shafts with a pair of wido-jawed pincers, and holds 
them over a peg whilo ho files up the row of heads, ronnding 
them into 6ha]K). Tho next step is to smooth tho insides of 
the eyes, whioh, having I'cen cut out with press tools, havo 
necessarily sharp edges which would infallibly cut the thread. 
For this purpose they are again threaded upon fine wires which 
fit thorn loosely, and whioh have been previously roughened and 
hardened. Wlien a number of such wires have been threaded, 
they are fixed in a frame, tho noodles dangling loosely down, 
and the machinery being set in motion, the frames are shaken 
backwards and forwards os a gardener would shako a riddlo. 
This of coorso sots all the neodlos dancing and wagging with 
great activity, and in time all tho comers aro worn off, and 
tho eyes become burnished smooth and clear. This pr^,<l^ is 
very amusing to witness. Tho needles are now ready lor tho 
hardener, whoso business it is to got them to the temper whioh 
will render them trusty in tho hands of tho housewife. He 
places them pn iron plates of suitable shape, and heating thorn 
to the proper degree of redness in a furnace, turns them over 
into a liquid compofiition in which oil is the principal ingre- 
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^ent. Or. iit c«re is reqaisito in 'watohiogr tbo besting of fhe 
seedlw, snd an unsfcilftil workman wonld soon spoil a great 
qaaatity. Being afterwards washed and dried, they arc brought 
down to the requisite temper by re-beating, in the same way as 
are steel pons. They hove then to be pioked over for “ crooks.” 
Women's fingers are best for this work, being more deli&ato in 
the sense of touch. A porfeotiy level slab of stone, of some 
smooth toxturo, is laid upon the bonoh, and the operator, 
feeding down the needles rapidly with her left hand, rolls them 
over one by one under the fore-finger of the right upon the 
stone. If the needle rdls smoothly and evenly, it is straight; 
if not, it is quickly cast aside as crooked. The bent ones are 
afterwords straightened one by one by taps of a very small 
hammer upon a tiny anvil. It was at one timo the usual 
practice to harden tiio needles in water, and the sudden tran¬ 
sition from heat to cold caused many of them to go crooked, 
tliuB famishing oooupation for tho stroightouers. When the 
oil batik was substitutod, crooked needles became the exception, 
and tho introducer of the method was instantly ponnood upon 
as an enemy, and driven from the town by repeated mobbings. 
After this stage tho needles are “ weighed np for tho mill,” a 
purely warehouse operation, which has nothing to do with their 
manufooture, but which is nevertheless highly necessary for the 
mannfooturor, who tests by this means the amount of waste 
whieh has occurred since the first process, and is enabled to 
judge of tho quality of the stool he is using. Tho soonring mill, 
wh^ oomcB next, marks a very important stage in the making 
of tho needle. The method of scouring in tho very early times of 
needle-making was primitive enough. Tho needles wore wrapped 
up in buckram, with emery dust and olive oil, and rolled to and 
fro under the feet of the workmen as they sat at work at some 
other process. Now, extensive miUs, worketl by water or steam 
power, ore used for the purpose. Long rolls of coarse cloth or 
canvas, each containing about 50,000 needles, with a small 
quantity of powdered quartz and soft soap, are bound np tightly 
along their whole length, and well fastened at the ends. Two 
of those roUs axo plaeed in each machine, of which there may 
be twenty or thirty in the mill. Tho machine is a sort of 
mangle, having a massive fixed bed faced-with iron, and a heavy 
slab of wood resting upon it, under which tho rolls aro placed. 
Heavy wooden arms, moved by cranks in tho main shaft, work 
those slabs to and fro, they being weighted ocoording to 
oiroumstances. For no less than eight days are the needles 
thus mangled, but their canvas wrappers aro changed several 
times daring that period, and they receive fresh dressings of 
scouring material. If the object were merely to brighten 
the needles, one would think that some easier and quicker 
agency could be found than the ponderous creaking machinery 
of the scouring mill, but this rolling of the needles together under 
heavy pressure sssists in giving tliem a contour—a perfect 
swelling rotundity of form—which is said to bo unattainable by 
any other means. After being again washed and dried, they are 
taken into tho “ bright ” shops, which is a sort of promotion in 
their career. Hero, for some few stages farther, they are turned 
over to the delicate fingers of women, whose first care is to re¬ 
duce them to order. When they come from the scouring mill, of 
course the needles are all lying in a confused heapt and before 
anything more can be done wil^ them, they must bo ” evened,” 
or placed in decorous rows side by side. For this purjakse, the 
girl puts a small shovol-f nil into a shallow pan, which she shakes 
gently with one hand, all tho while stroking the needles with a 
port of metal paper-knife into a longitudinal direction. In a short 
time they aU fall into regular order, and are then carefully lifted 
out and placed upon narrow strips of box-wood, with lodges at 
the ends to keep them from rolling off. The next business is 
tokdinieally called ” banding,” and consists in extracting from 
the heap those which ore slightly longer tium the rest. With 
all the oare exeroiaed in catting wires in the first instance, 
and in the after pointing and dressing, the neodles vrill differ in 
length by some minute fraction of an inch, and the object of this 
prooesB is to sort them. The needles, as they lie upon the strips, 
are BM|{>ly patted at the ends with the iron paper knives to level 
them, and &en the girl tonohea them lightly on both sides with the 
ball part of the pahns, the longest needles sticking to her hands, 
audaUowing her to work them up gently through (hoheap to the 
iap, when they are oareful^ lifted off and ploo^ aside. She then 
tries sgain for fhe next longest, and so on, there beingperhaps j 
ns many ae ten “ handings ” from nheep. An nnpmotised eye ' 


oould not detect any difference between the longest and the 
shortest, but this nioeiy is necessary for the final arrangement 
of the needles in those small paper paokets in which they rmoh 
the consumer. When they are well handed and sorted, 
tb^ aro still in gome little disorder, tho points bemg 
some one way, some another, and this has next to be 
rectified. A girl wraps a piece of wash-leather or cloth round 
her right fore-finger, and backing up one end of the needles 
with her metal paper-knife, touches fhe other ends lightly with 
her clothed finger, and pulls out all those whoso points stick iu 
the material; the heads, of course, not stioking in, aro left 
behind. Tho well-arranged needles have now to be pioked to 
BOO if any defective ones have oocidentally crept in. They are 
rejected tor damaged heads or points, for ” flecks” (little blaoks 
or specks in the motal), and for crooks. Tho girl lets them fall 
towards her down an inolined plane one by one with gr^t 
rapidity, and as tho slightest defect catches her eye, the offending 
needle is instantaneously jerked out. It would be difficult to tell, 
from an examination of any rejected needle by itself, why it was 
cast out; it requires to be seen in connection with tho perfect 
ones for its fault to become apparent. The next thing is to 
“ blue ” the heads for tho purpose of softening the needle a little 
more at that part to prevent them brooking off across tho eye. 
Tbo usual method in tiio trade has been to lay them evenly upon 
a stone, with the heads slightly hanging over, a rod-hot iron 
being brought np against them, and held till they tamed colour. 
A much more elegant method has now come into use, and the 
heads are beantifuUy blned by a self-acting machine. The 
needles are fed from on hiolinod plane to the circumference of 
a wheel, which has transverse grooves upon it, each capabio 
of taking np one noodle. A band keeps those needles iu their 
ploocs while the slowly-revolving wheel takes their overhanging 
heads through tha flame of some gas-jets, tho timo ooenpiod in 
traversing being just sufficient to give them the colour. It then 
deposits them on an endless moving band, which carries them 
bock again, and drops them evenly into a trough. After this they 
get into the hands of men for tho final touches, viz., grinding, 
by which tho outward shape of tho hood is niooly rounded and 
finished; setting, i.e., sharpening tbo paints, in the sense that 
a razor is said to be set; and polishing, by which an exquisite 
glaze is put upon the needle from end to end. All those pro- 
eosBOB are performed upon little stones and “bobs,” no larger 
in diameter than a cotton-reel. As a last attention, they ore 
weU rubbed between two pieces of buff leather, lest any moisture 
should remain upon them from tho hands of tho workpeople, 
and are then ready for tho packing room. 

A great sensation was made in the trade some years ago by 
tho introduction of “ drilled-qyed needles,” which took the 
market wonderfully, on account of their superior appearance. 
They wore not really drilled, but only countersunk a little on 
both aides, the hole having been previously pierced through 
with a press. It was soon disoovered tliat they out the thread, 
the oountorsinking having left a ridge in tho middle. A great 
many of these so-called “ drilled eyes ” are made now, but as a 
matter of course, the prnoess is only applicable to round eyes ; 
those of longitudinal and fancy shapes have to be treated in a 
different manner. A small bnff “bob,” stuok full of short 
spikes or points of wire, revolves very rapidly. Tho eyes of 
the neodles are pressed against this, and it rounds down the 
sides and odgos of the orifice very effectually. This prooess is 
called “curing.” 

It is pleasant to see the large and lofiy workshops, with 
windows looking over miles of prospect, of some of the larger 
factories. Tho one we liad the pleasure to visit—^that of Messrs. 
8. Thomas and Sons—^is of modem build, and not only contains 
tbe newest and most improved machinery, but seems to have 
been specially constructed with a view to the health and com¬ 
fort of the workpeople. All is beautifully clean, and every 
precaution is taken to keep the atmosphere pure and wholesome. 
A large workroom, which in Birming^m w^d be made to hold 
at least fifty workwomen, is there tenanted by not more tiian a 
dozen. They get np the very best work, as our account of (he 
precautions taken in tho finishing pAmesses snffioiently shows. 
It must not be supposed that all needles are prepared for the 
market witii snob extraordinary care; a great Bumy of vastly 
inferior quality are doubtlesa mannfaotnie^, and with far inferior 
applianoea, but the readers of this woirk will be morii intarested 
) in the newest and best developments of the trade. It is to the 
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enterpriae of thin fttm that the town will bo indebted for its new 
TheT- ixtake thoir own moohinety, and, np to a recent 
period, eren their own gas ; and their extensive manufactory is 
in every respoct a model. 

Not lees than 100,000,000 needles are mode weekly in the 
Bodditoh district. Every housewife can now obtain, at a very 
moderate prioe, on assorted stock of these nsoful implements, 
to suit any purpose for which she has occasion to nee them. 

Tlic English ladies derived their needles from Spain and 
Oormany until Queen Mary’s time, when, as Stowe relates, 
“ a negro made fine Spanish needles in Cheapside, but would 
never teach his art to any.” With him died out the secret; 
but it was introduced in tUia next reign by a German, and other 
nondle-makcrs also came from Normandy. It was first esta¬ 
blished as an English mannfacture at Long Crendon, in 1650. 
From thence it travelled grodnaUy through one or two smiling 
villages in Warwickshire, as though feeling for its final resting- 
place, which it ultimately found in Bedditch. There it is likely 
to remain. The only competitors in foreign markets ore tho 
Germans, but the quality of their goods will not boar comparison 
with the productions of Bedditch. For cheap and common 
articles tho Gorman price cannot bo touched. 


MINING AND QUARRYING.—XVIII. 

BV aKOBaS OLADSTONE, P.C.B. 

TIN (cuntinucd). 

TIN PLATES—TERNE PLATES—PROOKSSES OF TINNING OTHER 
METALS—SILVERING GLASS—OTHER APPLICATIONS—IN¬ 
CREASING VALVE OK TIN. 

One of the most important applications of tin is duo to tho 
faculty it possesses of adhering to the sarface of iron, and of 
forming an actual alloy with tliat metal, which is brought into 
action in making tin plates. By this tmion of tho two metals a 
thin sheet can bo produced which shall have tho strength of 
iron, but which sliall nut be liable to rust os that metal is; 
while on the other bond it has a strength far exceeding that of 
tin. Nevertheless, the manufacture of tin plates in this country 
only dates back abont 150 years, though it was adopted in Ger- 
umny a century before. 

The foundation is iron, which has to bo rolled out into very 
thin sheets. A thoroughly tough and nniform metal is required 
for the purpose, and much care is therefore exercised in making 
the shoot iron. Charcoal plates, which arc tho liest (tho others 
being Galled coke plates), are so named because cbarccol is 
used in tho finery. TJio refined bar is subject to tho hommer- 
ings, rollings, etc., which all finished iron has to go through; 
and is then ready to be rolled out to the size and thickness 
required in this manufacture. More it is rolled, doubled np, 
and re-heated over and over again, the greatest possible care 
being taken that no scale shall form on tho surface of the iron, 
because if this should be rolled into the metal it will produce a 
roughness of tho surface in tho subsequent pickling, which will 
injure the quality of the finished plate. With this object tho 
temperature of the ro-hoating furnace is kept low. Tho edges 
are then trimmed, so that the phites shall be of the exact siso 
ultimately required ; there being five different sizes common in 
the trade, as well as variations in tho thickness of tho metal. 

The plates are then set edgewise in a bath onntaining the 
piokle, which oonsists of a weak solution of sulphuric or hydro- 
chlorio acid, usually in the proportion by measure of 16 of 
water to 1 of the acid; the piokle is gently warmed over a 
fire until all the oxide is removed from the surface. The acid 
used for this pnrpose should be quite free from arsenio, for fear 
of which sulphuric acid made from pyrites shonld be avoided. 
After this the iron sheets are carefully washed, and then pnt 
into the annealing pots, which are etosed down and tlien exposed 
to a bright red heat in a reverberatory furnace. Tho next pro¬ 
cess is to roll them cold, between highly-poliehod rollers, aiter 
whioh they pass through a aeeond annealing and bath of pickle, 
by which time a perfectly smooth and bright snrfaae is attained. 

Thns prepared, the plates paas into the hands of the tinman, 
whose bnaineaa it is to give them the coating with the more 
yalnable metal. For this part of the operation a eariee of oast* 
von vessds are required, which may be conveniently atraaged 
>n a tow as shown in the aooompanyisg diagram (E^. 11) and 


the ground plan (Fig. 12). The plates, after boiiig scoured and 
rubbed clean, are put into the pot marked A, which is filled with 
grease, kept in a liquid condition by the heat ftdm the fire 
below, and tho flue whioh passes ronnd the sides, es shown in 
the drawing. When thoroughly coated with the grease they 
are passed into the tin-pot b, whioh oontaina a bath of melted 
tin, the sarface of which is also preserved from contact with tho 
air by a superficial stratum of melted grease. Some pieces of 
wood are immersed in the tin to separate any impurities there 
may be, upon the same principle as that already described in 
our last paper, when treating of the refining of the me^. From 
this they are removed to the wash-pot c, which is made in two 
oompartments, both containing melted tin and grease, but kept 
at a lower temperature than tliat in b. The quantity of tin 
used in bath these is superior, the best of all being in the 
smaller (loft hand) compartment of c. When the plates ore 
taken out of the larger comportment, they ore laid upon tho 
table a, and carefully rubbed on both sides witli hemp, after 
which they are dipped into tho smaller Itath to receive a final 
coating for tho pnrpose of obliterating any marks made in the 
rubbing. Tho next pot, », is filled with palm-oil and tallow, 
which is kept just hot enough to melt off all superfluous tin, 
the plates being stood in it on edge that the tin may be free to 
mn down to ^e bottom of the pot. The next, E, is the re¬ 
ceptacle in which they are left to cool; and the last, F, is the 
list-pot, in which only tho lower edge of the plate is inseried, so 
as to melt off the beading of tin which will have accumulated 
there while standing in the groaso-pot, i>. The plates have 
then only to be cleaned with bran and mbbod with flannel, and 
they are ready for packing in boxes for sale. 

’There ore a variety of marks indicative of the size and weight 
of tho plates which make up a box, and which are common to 
both descriptions—charcoal and coke plates. They are known 
as commons, c; and crosses, x; with common donbles, c D; 
and cross doubles, x d ; and common and cross small doubles, 
c 6 D and X s D respectively ; tho further subdivisions being in¬ 
dicated by numbers from one to four. A box of the first two 
categories contains 225 plates; of the common and cross doubles, 
100 ; while of the Bmalldoubles 200 constitute a box. 

Tin can also be applied with advantage to other surfaces 
than iron. In a former article galvanised iron and its pro¬ 
perties have been described, and this may serve also as a basis 
for a tin coating, in such caso tho surface of the zinc must be 
freed from all oxide, by immersion in a weak acid pickle, and 
tho shcois then dipped as above described in a tin bath, tho 
surface of tho mol-ten metal being protected from oxidation as 
before by the surface being covered with molted tallow or oil. 

Lead may in like manner be coated with tin; in both oases 
it is desirable to warm the inferior metal to a point nearly 
approaching that of tho melted tin. It is capable of being 
rolled out into thin sheets after tho coating has been added, 
and if any flaws should be found on the surface after such 
operation, the plate is usually dipped again. 

Small icon articles arc often tinned in another manner. The 
goods must be cleaned of all rust by the action of an acid as 
usnol, then quickly washed, and placed at once in a jar or close 
vessel along with some tin and chloride of ammonium. The jar 
is then placed in in furnace and heated, being kept in motion all 
tho time, BO as to bring tho tin into contact with all parts of the 
articles whioh are to bo coated. When taken out of tho vessel 
they are washed with water to remove the sal-ammoniac, and 
mbbed up with hot bran or sawdust to give them a brighter 
surface. 

Any of the fusible alloys of tin described in the preceding 
article will serve os a coating instead of the pure metal. 

Temo plates, for instance, are coated with on alloy of tin and 
lead in any proportion, varying from one-third to two-thirds of 
tin. They do not possess the brilliant surface of the real tin 
plate, but are useful for various purposes, such as roofing, for 
which the other article is too exjiensive. Torno jilates are sent 
to Cana.^ in considerable quantity, where they are applied to 
the pnrpose just named. ^ • 

Copper vessels are often tinned inside, espeoially those in- 
tmd^ to be used in cooking. On account of their shape, and 
beoauae only one surface is to be ooated, a different plan is 
adopted in this case. The surface to bo tinned is first sprinkled 
with chloride of ammonium and then heated, whioh causes the 
salt to dissolve and enter into combination with any oxide on the 
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anrfftoe of i^e copper. The whole of it is nibbed doriogthe hwt- 
ing until ereryp^ is quite bright end oloea. Hie copper being 
still meintained at a temperature enfflcient to melt tin, eome of 
*bbi latter metal ia placed in contact with it, and as soon as it 
is sufflcientty melted it ia rubbed by means of a pad all over the 
surface of the copper. The two metals combine, forming a true 
alloy. If the workman should be lavish of his materia), and 
make the coating too thick, the outer surface will be pure tin, 
which can be melted off again without affecting that portion 
which has entered into actual combination with the copper, the 
mdting'point of which will be very much higher. 

A mixture of lead and tin, oonWning from one>fourth to one- 
half of the former, is sometimes used as a substitutB for the'pnre 
metal, and is applied in the same manner as the foregoing. The 
alloy molts at a lower temperature than tin, and a less quantity 
will suffice to cover the surface of the copper, so that it has both 
practical and economical advantages; and it doee not appear 
that, if used carefully, the lead will be dissolved out and enter 
into tile food oooked in tho vessol eo as to be iniurione to health. 
It may readily be distinguished by the dull surface it presents, 
similar to that of temo plates. 

Another combination possesses some important advantages, 
though it ia not quite eo easy in its application. It is a oom- 


expressed and drama out. It ia then stood on its edge until the 
amalgam has beoome dry and firm. 

^•foil is made by the rolling and hammering out of tin, 
which can benairied to about yj^gth of an inch in tUoknese; and 
tinsel is produced by the coating of tiiin leaves of brass and 
other metallic compounds with a film of tin. Thin plates of 
tin ore also often used for ornamental; purposes, as they can 
easily be stomped with any device that may be desired; but as 
the pure metal is very soft, this application oan only be employed 
where there is little risk of exteiml force. 

Tin ie also employed by the manufaotnrer of oolonrod glass, 
of majolica, and other ornamental waie of that description, 
which need not be partionlarised hero, as those naea have 
already been desoribed in other aeries of artiolee. The etndent 
may be referred to Article XII. on *' Colour,” where the effeot 
of opalesoenoe in glass ia described as being produeed by the 
oxide of tin, and the opaque whites in majolica, and other 
enamelled stone wares, ere stated to be due to the use of tiie 
eome metal. In Article III. on the *' Praotieal Application of 
the Fine Arte,” the effects of the salts of tin in deadening 
the oolonra of glass are further detailed. 

It will be readily inferred, from the deaoription of the 
manifold ueee of tin given in this and the preoeding article, 



Fig. 11. 



pound of iron and tin, of which the former metal must not 
«xoeed about 12 per cent. A considerably higher tempera¬ 
ture is required to melt this oUoy, and it ia therefore neoessaiy 
to heat the reesel tq a low red heat; while kept at this tom- 
perature the operator presses the end of an ingot of 'the alloy 
against the boated eurfaoe, and thus rubs it’ all over until it is 
soffloiently coated. Whea oool, any roughnesae^ are rubbed 
down so as to give it a good and smooth surface. This oom- 
peund is very durable, and the articles so finished will stand a 
much greater heat than those coated 'with either the pure tin 
or the alloy 'with lead. 

There is another application of tin, very different in its 
eharaotcr from any ot the preceding, which must now be re- 
'ferred to—-the eo-ealled silvering of glass for mirrors. The 
material oommunly used for this pnrpose isootnally an amalgam 
. of tin and meronry. The plan adopted is to spread upon a fiat 
table a sheet of tin-foil of rather larger dimensions than the 
piaeo of glass to be silverod, and then to brush some mercury over 
it as evenly as postible. When this has amalgamated with the tin 
eome more meronry is poured upon it, and then the glaea plate 
is dided edgewise over it, the edge of the glass dipping slightly 
undw^e surfaoe. Tho object of bringing the two into oontaot 
in toiirway is to oa’use that part of the amalgam whioh has 
been exposed to the air, and which has tiberefore snffered 
SKUne slight oxidatimi, to bo poshed aside, so that none bnt the 
peatfeotly bright metal khall eome into oontaot with ibe glaae. 
The plato is tiint loaded with hea^ wei^te, and inuUned at a 
(tiigM angle, by wfaiok means the uneombined mecouiy is 


conplod with the fact of its very limited geographical oietri- 
bation, that it ie a eouroe of no small wealth to tiie two 
counties whioh produce it. The statistics of the trade tend to 
show that tho yield of tin eceroely keeps pace with the demand, 
and that os a oonsequenoe tho vitine of the metal shows a ten¬ 
dency to riso. This has recently been the enso to a very marked 
extent, as the enpply of tin from Banco has, from some nnex- 
plained reason, f^en off; but that it ia not a mere temporary 
fluotnation may be evidenced by going bock a year or two, when 
prices wore not equal to what -they are now. For instance, in 
1869, the black tin raised in Cornwall and Devonshire amounted 
to 14,725 tons, valued at £1,028,000, yielding 9,760 'tons of 
metnllio tin, valued at £1,201,450; exceeding tho previous year 
by 460 tons of tin, and £200,000 in value. If wo go bock to 
tho lost oentnty, tho largest annual produce appears to have 
been 3,725 tons; and for the first 'thirty-eight years of the 
present century the greatest return was 5,290 tons. Since then 
it has been increasing (subject to minor fluotoations) to tbo 
I above total. The annual value has been, during the same 
period, liable to very severe fluctuations. During the tronblons 
times immediately preceding the final overthrow of the first 
Napoleon, 'the value per ton, as may reasonably be inferred, 
reached an nnpreoedented figure, the foreign tin at that time 
being praoticaUy excluded; but on the restoration of peace tbo 
prioe fell from £157 per ton, ite maxinuun, to about tW-thirds, 
and within a few yean to about lialf that figure. There aeeme 
every proepeet now that the denuoid will k^ full pace with 
the rapply.. 
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SILK CTJLTUKE—IV. j 

By iaxxAMvm Vauicb, U,D. | 

FSBrARATION 70B SFINNIMO—XVTHOD OF KAKZNa BIIiKWOBU 
OUT — OHBTSAMS — BKEBOBNCK OF MOTH—EBCEPTIOW i 
AMD PaB8BBTAT10M OF BOOB—QUAUTIBB OF OOCOOMS. 

AMD now the oritiaal period advanoes when tho value of the 
erop, and the teenlt of past labour will be determined. Up to this 
point all has been nnoertainty. Thunderstorms, sudden changes 
of temperature, hot winds, inanffloient ventilation, unhealthy 
food, or improper manipulation might so far have oompromisod 
in a very brief period '&e safety of the crop •, but the cocoons 
once apuDO, the rest is a oertatnty, and the harvest secure. As, 
moreover, cocoons vary much in quality owing to the health of I 
the worms, rill they ore gathered, the quantity and quality of i 


would not bo well, unless they were all of riie same age to aday; 
(2) because ventilation is almost entirely impeded by doing sc. 
The worms soon hasten to the maneUi and crawl up, " mount. 

' ing,” then, seeking a convenient spot in the interstioes of the 
st^ks, oommonoe their cocoons. It is a matter of importanoe to 
allow sufficient space for the worms, for if crowded, two or more 
will spin their ooooons together, whioh, being made of two 
threads, cannot be reeled (doubles), and are therefore of inferior 
value. One per cent, of doubles is the ordinary average in a 
good sample; five per cent, is the highest peivcottage allowed 
in the sale of oooooqs. Should the doubles exceed that per¬ 
centage, less value is given for the lot. Some raoes, espeeially 
the bivolrine, average more doubles than other raoes. Worms 
I may now he lifted up, when wandering away from the bushee, 
> by the finger and thumb, without undue squeezing, and placed 



Fig. 5.—iCATB&FiniJlIl, COCOOM, AMD UOTH OF THB BCtUBTX TAXA-XAI. 


the crop is a matter of spocnlarion. The lost few days, there¬ 
fore, are anxious yet j(^ul ones, for the labour and toil, 
hitherto excessive, will after this ffiminish. In Japan a bed is 
prepared for tho worm to spin in, consisting of rape or rice 
straw out into short lengths and loosely spr^ on the tray j 
but in Europe the mcmelU, or bundles of heather or broom, 
asparagus-stalks, or soed-stalks of any of the cabbage tribe, 
etc. etc., are sot up round three sides of tho tray, while food is 
eonttered very thinly about the tray. The “ bushes ’’ or 
“fagots”—as these bundles of heather, etc., arc commonly 
called—should be longer than tho space between tho trays, 
and placed somewhat aslant, so that tho worms may better 
cmwl up, and that tho liquid voided by them may not fall 
direct on those below. Each* fagot may be fifteen inches apart 
from the next, bo that a smaller fagot may be afterwards in- 
serted between each. Daudolo advises that each fagot should 
^ttch the ^y above, so that its btanohea onrl over. 1 am 
wubtfnl about ihs fwqpriety of this oouise—(1) beoaose the 
^^<^nnB will aaoead inm tbs lower tray to thoM above, wU^ 


thereon. In thus removing worms, care should always bo taken 
to take hold of tho fore part of the body, and draw tho worm 
upward and baokwords; he is thus indneed to loose his foot¬ 
hold—'if drawn forward he will resist, and probably receive 
damage. Hie noise now in the silkworm-room is very per- 
oeptiblo, resembling a quiet rustling, partly oansod by tho 
worms spinning, partly by those moving about, partly by tho 
action of the jaws of those still feeding. Temporaturo should 
now bo kept even and steadily warm (about 70“ to 75“), and 
ventilatisn well maintained. At this stage, if the worms are 
weak, some will die while spiiming, and being ooncealed among 
the bushes, a very powerful odour, noxious to the living worms, 
will emanate. Any unhealthy or weakly worms should ttfbre- 
fore be looked for and thrown away. After fastening the out¬ 
side etiands, by means of whioh the size of the ooooon is 
determined, the worm weaves first the outw loose envelope: 
but gradually oontraoring its movements, spiui the tighter and 
closer body ci the ooooon, and in twanty-fooz hours is bidden 
from sight. At nbont tits third day ihs ooooon begins to 
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Mfime ft luurdnesB, and in a week ie ready to be gathered. ^ As 
the worm spine ita ooooon from end to end in one thread, it is 
important not to diatnxb it dating oooooning, lest the thread 
be broken. Good ooooons are those which have enoh a enb- 
etanoe of silk ^t they resist preaanre and feel hard to the 
toBoh, and at the some time preserve the shape and oolonr 
peonlier to fteir race. It is a very pretty sight to see the 
bnshes well filled with white or goldon ooooons. 

Shonld any worms appear ripe for spinning, bat nnable or 
nnwiDittg to riso, or shonld any fall to the ground while moont- 
ing, they ehould be rembvod to a eeparato frame, and a hand¬ 
ful of seed-stalks or a few boshos of'heather be laid down 
inetead of set upright, upon or nndor which, in all probability, 
they will crawl and make a good cocoon. 

Bnt some worms, though fat, heavy, and generally very 
yellow, will not be iudaood to spin either on the high or low 
bashes. These shonld be collected ovory night and morning, 
and pat into a basin of vinegar and water, for the purpose of 
makhig gut for fishing. After remaining in the baein for 
twelve hours they aro thus treated ;— 

A board should be prepared 6 inches by 30 inches, with a 
row of pegs at each end, and notohed all round the edges. Two 
inteetii^ tubes run through the silkworm, one on eaoh side, of 
a elrax transparent appoaranoo; these are the eilk reooptooles, 
and ehould be soparatod from tho hood of the insect while in 
the vinegar and water, and the throade, ono by one, drawn out 
rapidly to thoir full extent, and fixod at fall etretoh on tl o 
bwd by means of the pegs at one end and the notches which 
receive and fix tiie other end. This mnst be done qniokly, as 
the air soon hardens and stiSeus tho string; they mnst on >o 
aoconnt be paeeod through the finger and thumb, as they are of 
no value if flat; roundness, strengtli, and length are tho points 
of valne. The yellow mucilogo wUoh coats tho strings is 
removed afterwards by being boiled in soap and water. 

After the gut is drawn out tho board should be placed in the 
enn to dry, and the old strings may bo removed night and 
morning when new ones aro put on the board. 

To dean the gnt, take a piece of soap tho size of a nutmeg, 
and boil it in a gallon of water. 'When it is completely dis¬ 
solved, pnt ilio gnt into it and boil for ton minutes; take ont 
and pass the gnt through ootton-wuol to remove what may be 
left of the yellow matter, but so lightly tiiat the gut, which be¬ 
comes soft by boiling, may not be flattened by pressure; when 
again stretohedand dried on thoboarditbecomesdear and strong. 

Expmienoe is neceasory to do this well; bnt it ie worth tho 
trial with silkworms which would not spin, and would otherwiae 
be lost—the more ao aa good ailkwonn-gat ia redly valuable, 
and I have been offered aa much as four guineas per 1,000 
pieces of tho best gut. Silkworm-gut oomes chiefly 'rom 
Spain; its mannfaotiuo ia well worth the attention of eori- 
cnlturiate at home and in the ooloniea. 

Aftw tho ooooon ia apnn the oaterpillar rests within the stmo- 
tnre; having voided oontonta of ite intestinal canal and 
its silk, it oontraots still farther, throws off the skin, and 
becomes a chrysalis. The ineeot lies in this state about three 
weeks, and then emerges a moth. To get ont of tho ooooon, 
the moth aplitring first the pupa-skin about ihS head and face, 
pnshoa those parts against tho apex of thr cocoon; the nose, 
being famished with an alkaline Boorotion, is oontinuonsly 
applied. The alkaline fluid dissolvee the gum and loosens tho 
threads, and the moth pushing outwards eoparates these and 
emergei, leaving a email round hole in the ooooon, thus ronder- 
ing it nselees for reeling puipoees.. The moth, at first a feeble, 
ocM thing, clings to the ooooon, if possible, in auoh a position 
that the wings may hang down over its back. Those apoedily 
enlarge, and after an hour or two ore fully developed, and the 
moth is ready for tho next stage, viz., wedded life. But prior 
to the mofih emerging the hand of man interferes; for in order 
to preserve the silk for use it is neoessary to reel the thread, 
and as this oanuot be done after the ooooon ie empty of the 
moth, it becomes necessary to soenre the silk either by reeling 
theft'Hiooon in the short interval which olapsee between cocoon¬ 
ing and the exit the moth, which can only be done whero 
thm are few oooqoub to ;reol; at by destroying the pnpe inaide 
ky means of heat. This is effected in the East by expoe^g the 
aoaoon for. several to the eon’s raya, which are thero enffi- 
eiaa^ intfoae to dry ly; the life <ff the papa. In Eorope more 
eommeslf d>7 koet at an pvea oy a steam-ohaBt ie employed. 


1 fonnd two hours’ expoanre in a baker’s oven after the bread 
was drawn, at a temperatnre of about ITO", was snffioient to 
dry np the pnpa thoronghly. This may easily be tested by 
entting open a coooon t^en from the middle (ff the mass ia 
the oven. 'When the pnpa ia reduced to a hard dry maaa, eaaSy 
rodnoible to powder, it is anfScient; but if still a moist maaa, 
beat must be main^nod for a longer time. Care mnst be 
taken that the ooooons bo not burnt. Cocoons thus treated, 
and thoroughly dry, will keep for yeara without serions deteriora¬ 
tion ; may be pressod and packed into bales, and will travel 
round the world, and when placed in hot water will again 
spring into shape and reel well. When stripped foom tho 
bushes the ooooons should bo denuded of the outer envelope of 
floss, which should bo oollocted separately, having a value ^ its 
own for the mannfactnro of spnn-eilk. The ooooons thus do- 
nuded are sorted into those that are roqnired for brooding pw- 
poBos, which should always bo chosen from toe best shap^ and 
stontest cocoons, in order that, in acoordanoo with the principle 
of selootion, the progeny, following tho example of thoir fathers, 
may produce superior ooooons. One-sixtieto part of toe pro¬ 
duce need to be rotainud for stock; but owing tp the changos 
caused by toe prevalence of too disease in Enrope, very few 
onltivaters rely now on their own “ atrain.” ’The remainder 
are again sorted out into several classes for reeling purposes, 
and may bo taken to market or sent to a filature (eilk-roeling 
ostablishment). Eggs and dry ooooons may bo transferred from 
one end o^ tho globo to tho otocr, bnt in no other stage will toe 
Bombyx mori travel safely. Colonists are ospeoially reoom- 
mendod thus to take advantage of tho high prices of European 
markets, and send over their crops in one of these two ways. In 
order to obtain tho best eggs, only tooso moths which aro 
vigorous, well-formod, and free from blemish are allowed to oopn- 
late. The male may bo distinguislicd by his elongated narrow 
abdomen, and by his tail, when expanded, being forked—or bifid; 
the female by her larger size, plump albdomen, and ovipositor, 
which is light-coloured and of a somewhat elongated pyriform 
shape. Tlio moths emerge early in the morning, and are often 
fonnd paired on the oocoons. Those coupled should be removed 
to a separate tray (the wings of the female being taken hold 
of), and allowed to remain undisturbed MU toe evening, 
when they should be separated, and toe females placed on tho 
paper or cloth intended for too eggs. In Japan toe cards on 
which the eggs are laid arc often placed in a frame of polished 
wood ; the moths, disliking too polished anrfaco, confine toem- 
eelvoa to the cord, and there deposit too eggs. It ie a good plan 
to hang the oloth somewhat perpendicularly, and to tilt the 
upper portion of tho oloth forward, so that any exoreMon from 
the moths may not fall upon tho oggs already deposited. After 
aeparation from the malo, and before tho proocea of oviposiMon 
takes place, too act of defecation, or evaonaMon of a brownish 
oolonred fluid takes place, or, as it ie termed, the fenulo clears 
herself. 'This act generally hapxMme in tho wild Bombyoides, 
after toe wings are dried. 'Wbon toe moth first begins to 
flatter about, and prior to copulaMon, too maloB are very ardent 
after the females, and if no females aro at liberty, two or more 
males may be seen joined together. This act has also been 
observed in toe Chinoso species Bombyx Pemyi, Ae the moths 
emerge the empty ooooons shonld be removed. These are now 
only useful for the manufacture of epun-eilk, anS also os 
samples of the race, to be shown when toe.eg^ axe offered for 
Bale, and to whioh samples the oggs should oome tme, t.e., pro- 
dace oocoons of like value. *1110 ogg when deposited is a 
flattened diso of a pole yellow tint, soon aesnming a light 
brown tint, gradually changing into a dirty lUao grey. If the 
egg remains yeUow or white, feenndaMon has not bew effected. 
Tho oggs first laid are too largest, and produce the beet worms; 
then toe bulk of medium quality, toe last eggs being smaller 
and (ff lees vigour. Hence a oarcfnl ednoator will watch his 
moths during oviposiMon, and after the first twenty or thirty 
eggs have been lidd (wbioh he will retain for his own use) wHl 
remove moth to another card or oloth, and after toe has 
laid there about 100 eggs will throw her away, or retain tho 
remainder of her prodnoo on separate oloth as inferior. 
Dandolo says that 22 eqnare.inohes of cloth are sufficient to 
contain on toe surface of toe oloth <1 or 7 oz. of eggs. !>> 
placing toe motos upon toe olotha, begin at toe top and go 
downiwds. Eggs may be kept in aa gixy room. Eato female 
will lay between 300 and 400 eggs. 
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As to qiulitiM of the eoooon. 

There are nine'different <}nalities. 1. Bene eoeont (good oo- 
ooone), vbioh IwTe be«i brought to perfection. These ace by 
no m^e atwaye the bardeet, but ace oompaot, free from epote, 
Mid of a good shape. 

2. Cocons pomtue (pointed ooooone) have one extremity riaiiig 
in a point. These, after affording a little sQk in reeling, break 
or tear at the point, where the tluread is weak,' and they cannot 
bo wound farther, as the fracture would ooour as often oa the 
thr^ reached the weak point. 

3. Cocons fa/ibles (weak coooone) are rather larger than the 
regular oocoone, but do not contain more silk, their texture being 
Ices compact. These are separated from the other kinds, bo> 
cause in reeling they must be immersed in colder water, in 
order to avoid any farcing or entangling in the operation. 

4. Cocons doubles (double cocoons). The threads of these are 
BO mixed that frequent breakings occur in reeling, and often they 
cannot be reeled. In any parcel the proportion will reach from 
one 'to five per cent., which is the highest allowed without 
reduction in price. 

5. Coeons satmis, goufflons (flossy cocoons). These aro veiy 
imperfect cocoons, with a loose contexture, sometimos to such 
a degree that they ore transparent. These cannot bo reeled. 

6. Cocona ouverts (perforated cocoons), as tbeir name denotes, 
have a hole at the end, generally from the moth haying escaped. 
They cannot be reeled in the ordinary method, as the thread 
always breaks when it arriyes at the perforated place. Latterly, 
howeyer, it being seen that the moth docs not rapture the threads, 
but only separates and pushes them apart during the act of 
emerging, haying previously Uqnoiiud tho gum which bound 
the threads together by means of tho alkaline fluid emitted 
from tho face, attempts have been made 'to adapt machinery to 
their reeling, and silk has thns boon produced. 

7. Chiqws, cocons chiqwes, ore cocoons wherein tho insects 
hove died before perfecting their task. These aro kno-wu by the 
adhesion of tho worm to the cocoon, which prevents it rattling 
trhon shaken. Tho silk of these is as fine as of tho first-men¬ 
tioned quality, but not so strong nor so brilliant; and they 
must be 'wound separately, aa they sometimes furze in reeling. 

8. Cocons tach/s are defective cocoons, spotted or rotten. 
They furnish foul bad edlk, of a blacldsh oolour. 

9. Bragies (calcined cocoons) are those wherein tho worms, 
after haying completed their cells, ore attacked by a peculiar 
disease which sometimes petrifies them,and at othortimes reduces 
them to a white powder—a fungoid disease known by the name of 
muBcardwie. In the former case they are culled comfit cocoons, 
from the rosemblanco borne by tho ■withered worm -to a sugar¬ 
plum. The quality of the silk, so far from being injured by this 
means, is generally excellent, and it is even in greater quantity 
than in the ooooons of healthy worms. Comfit coooons may be 
distinguished also by the potior light rattling sound of the 
dried worm within. Thoy,aro much esteemed, and fetch a high 
price, but are not of frequent ocourrenoe. 3 lb. of fresh or 
green ooooons 'will make 1 Ib. of dried ooooons, and about 4 lb. 
of dried oocoons will produce 1 lb. of reeled silk; it therafore 
takes about 12 lb. of fresh coooons to produce 1 lb. of silk. 


BRICK AND TILE MAKING.—VL 

By OiLBsar B. BinoiuTn, 

BRICKS, THiXS, AND TBRSA-COTTA. 

Tbx manufacture of flooring-'tUes has, we 'think, made greater 
progress during the present century 'than any other branch of 
the oeramio art; and this industry as now practised in Btafford- 
shire, presents many features of great interest, and differs in 
bsay respeots from tho mannfaotnre of 'the coarser wares we 
have notioed in our previous numbers. The old-fashioned 9- 
inoh or 12-inoh 'tiles made in 'wooden moulds in the same way 
^ bricks are ma^, have now been almost entirely superseded 
by the thin machine-made tile, which has soareely one point in 
common with its olumsy prototype. Tile-making, or at any 
rate the mannfaotnre of encaustic tiles, is now a business entirely 
uiena'ied from the biiokmaker, requiring as it does a most costly 
plant and a totally different mode of prooednro 'to the heavier 
Olay goods, lu some Country plaoes, however, oven ■tiles, floor 
and quarries, are still made and burnt along with the 
oriidcB, We need not devote moeh time to the oonsideration of 
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the tiles made from brick earth, as the prooesseB in every respeot 
resemble those we have previonsly desoribed, A oarefully-pro- 
pared day is made use of, and 'the tiles when partially dry, are 
smoothed over or trimmed with a steel instrument or knife, 
whioh gives them a silky, lustrous snrfaoe, and is supposed 'to 
make them more dense and durable. A ’tough day is generally 
seleoted, such a day, in foot, as would be empli^ed for roofing- 
tilee ; the tiles are generally either 6 inches, 9 inches, or 12 
inches square, though 4-inoh tiles ore sometimes made from the 
dense Staffordsfairo and Shropshire clays. Tho diief fault of 
thcBO common tiles, which are often used for paving the floors 
of oottages and onthouses, is their great porosity. They absorb 
so much water that 'they ore always cold and damp to feet. 

This defeat is not so apparent in the tiles made from the blue 
clays (t.«., those clays which, owing'to tho presence of iron, bnrn 
blue), whioh are much more suitable for paving purposes, though 
very unpleasant in point of colour. In many parts of the 
country it is customary to use tho blue bricks and quarries for 
foot pavements ; but owing to their almost metollia surface, it 
is necessary to roughen them artificially to render them less 
slippery. Mr. Page, the engineer of Westminster Bridge, -was so 
strack with tho haii^neas and durability of the blue ware, that 
he employed 12-inch blue tiles for tho foot pavements'of -the 
bridge; but they do not seem to have answered his expeotations, 
as they have now worn away so mnch os to have lost every 
trace of their blue colour, and in some plaoes have become very 
uneven. This is rendered all the more oonspicnons by the oc¬ 
casional insertion of strips of granite, which stand out a quarter 
of an inch and more above tho tiles. 

Under the heading of flooring-tiles, we may also allude 'to 'the 
so-called Dutch clinkers, which are largely used for paving pur¬ 
poses. They are in reality a species of small, haxd-hnrnt bricks, 
generaUy mode from tho gault or some similar clay, and em¬ 
ployed for the interior of stables, for whioh, o'wing to their great 
hardness and impervionsness, they are admirably fitted. 

Even BO far back ns tho latter end of tho thirteenth contary, 
the art of making inlaid tiles or tiles whioh roocivod their decora^ 
tion from the insertion of a pattern in cnIonre<l clay, seems to 
have boon practised in this country. The pavements of many 
old halls and ohurohos appear to have been formed of such tiles, 
many of which evince great skill and care in their manufaeturs. 
The revival of the art of making these 'tiles—which seems to have 
boon lost or to have fallen into abeyance—is due to on English 
manufacturer, Mr. Herbert Minton, of Stoke, whoso name is now 
invariably associated -with “ onoaustio ” tiles. 

Before going further we may explain briefly what we take to 
be the meaning of the term “ encaustic.” Wo understand such 
materials to bo 'truly encaustic, as have the various colours 'they 
display aotually intermixed 'with the substances or clays from 
whioh they are formed, and burnt in, as it wore, at tho same time 
as the article is fired: a combination, in fact, of coloured 
” bodies,” as tho clays in this state would bo termed. Tfles 
formed thus by inserting for a considerable depth, or throughout 
■their entire ‘thickness varionsly-colonrod elays disposed in cer¬ 
tain definite forms would bo true oncanstio tiles. 

In oppositioi^to such tiles, we have what aro known os “ de¬ 
corated tiles,” or those which have on a plain suaface, a pattern 
printed in ono or more colours. Tlieso tiles have thus all the 
apx>earanoe of true encaustic tiles; but 'they have, of oourse, 
no such qualities of wear. Ihey ore thoreforo used for wall 
tiles, hearths, etc., and for plaoes where there is no trafiio. 
They are very commonly passed through 'tho gloss-oven, whore 
they reoeivo on ordinary frittoil glaze. In some of these 
pseudo-encaustio tiles, small bands of oolour aro printed round 
each of the edges, 'to represent the depth of the insertion of tho 
coloured clays in the real tiles. A third description of tiles la 
known as majolica tiles, and here tho clay receives a moulded or 
onriohed surface in the biscuit state, and is then passed through 
the enamelling kiln and enriched ■with various oiiaqno, glaz^ 
colours teohnically known as “enamel colours.” Those tides, 
of oourse, are used solely for -wall-tiling. , 

Having thus explained the various kinds of tiles, we may ifts’s 
on to a more detailed account of tho proocsses of their manufac¬ 
ture. The clay used for what wo may call tho foundation or 
body of an oncanstio tile, has to bo very oozefally seleoted and 
prepared. Wo have already notioed in various other places, the 
manner of dealing 'with -the clay in order to fit it for use, and in 
desoribing the mode of manipulating tho clay for tile-making 
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in detail, we Bhould Imro to repeat muoh of wfaat hae boon said 
prerionBly, The principal seat of the tile mannfacture is, of 
oonrso, in the Tioinity of the Staffordshire potteries, and the clay 
mostly used is the red surfaoo clay of the distriot, and the buff- 
coloured clay or marl. For those tiles which are required to bo 
of a pure white colour, or which it is proposed to stain of a 
delicate tint, it becomes necessary to use the more oxpensiTO 
white clays of Dorsetshire and Deronshire. 

The clays undergo almost the same nicety of preparation for 
tile-making as would be observed in the ease of pottery. The raw 
clay is first subjected to the action of the blunging mill, which 
consists of a set of long ontting-kniTea like the teeth of a gigantic 
rake. These kuiTcs are inserted into a horizontal shaft, which 
is caused to revolve slowly in a pan ar tank about half full of 
water. The action of these knives is to tear and boat the olay 
to piooea, and to mix it with the water to the consistency of a 
thinuish cream, lids cream, toohnioally known as “ slip,” runs 
away by natural overflow to the evaporating pans or “slip kilns,” 
and the heavier and more solid imparities in the olay sink to 
the bottom of the blunging mill, whence they may be from time 
to time withdrawn. In the condition of slip, any mixture of 
clays or introduction of coloncing matter can be admirably and 
thoroughly effected. For some processes in the manufacture of 
enoaustio tiles, as wo shall see later, the clay is used cither as 
■lip or in a buttor-like state; but for the ordinary pressed tiles 
it is used slightly damp as a powder. 

The slip-kiln, till recently in common use for drying or 
evaporating the water from the clay, consists of a number of 
parallel, horizontal flues, covered with fire-clay quarries, and 
having a furnace at one end, and a lofty chimney at the other, 
in order to promote a snfficient draught. The floor of the slip- 
kiln is surrounded with a briok margin, raised about twelve 
inches above it, and is laid at snob an incline that, while at the 
end nearest the fumauo where the heat, of oourao, is greatest, 
the liquid slip when first run on is about 7 or 8 inohos in depth; 
at the far end near the ohimnoy the depth is not more than 
from 2 to 3 indhes. It is found by this moans that the whole 
of the olay is ready to take off about the same time. Slip- 
kiln builders Lave several fanciful regulations about the size 
of their flues, which they decrease very rapidly at the end of 
the kiln furthest from the fumaoo, deeming t^t in this way 
they produce a sharper draught into the chimney, the only actual 
result being that the flues vaty soon get filled up, owing to their 
shallownosB, with the leakages through the joints of the cover- 
quarries. The time required to evaporate a charge of slip on 
an ordinary-sized kiln is from soventoen to twenty hours, and 
the olay is considered ready when it is all in a soft putty-like 
condition. A long slip-kiln requires oareful management, as 
the olay is very liable to become partially caked and unfit for 
use, owing to its boing overdried at one end before the other is 
ready. 

Slip-kilns will, however, soon be entirely saporsoded by the 
patent olay presses or wringing machines, introduced by Messrs. 
Keedham and Kite. By means of this invention the liquid olay 
is run into a number of linen cloths folded into a serios of 
bags, and inserted between fluted boards pla^d in a frame. 
Those boards are gradually driven together by hydraulic pres¬ 
sure, and the water in the olay is expelled through the pores of 
the linen wrappers; thus in a very short time the clay is dry 
enough for uso, and when prepared in this way it is said to bo 
better than tliat which has boon boiled. Wore it not for a heavy 
royalty now chargod under tlie patent, and the grout wear and 
tear in the cloths, this pcooosa would doubtless be universally 
employed by potters. For the manufacture of the olay-dust, 
however, the wringora alone are insuffioient, as the whole of the 
water must bo expelled by moans of kiln-drying, before the clay 
can be ground, llio dried clay is pulverised under horizontal 
■tones, and if noooasary dressed tlirongh a fine sieve. 

The almost impalpable powder obtained in this way is now 
ready for use. As it oomos from the mill it is not quite damp 
enough to bind, and in order to moisten it equably and auffl- 
mAtly, a onrioua process is now adopted. It was found that 
no system of sprinkling with water or other artifioiol mode of 
wetting it rendered it aU equally damp. Advantage has there¬ 
fore been taken of the epongo-like action of plaster of Paris, 
largre beds, some four or fire iikohes in tbioknese, of this material 
are prepared and cazefnUy watted; on these be^ an even layer 
of olay-dust is ■piead prtviou to its aae, and thk olay mola 


up from the damp plaster exactly the proper amonnt of. water 
to give it the required cohesion. From these beds, the day is 
oarried to the presses, whioh are cumbrous affairs, made much 
after the fashion of coining presses, having a screw to whioh is 
attached the lid of the mould and heavy arms to cause the 
revolution of the screw. The mould itself, made of ooniee of 
metal, is formed by a depression in the otherwise level surfaoe 
of the table on which rests the olay. The workman begins by 
scraping across into the mould enongh of the powder to fill it, 
and roughly levels the surface by striking it vdth a strsight- 
edgo. The screw or die is then brought down gently at first to 
expel the air, after whioh a sharp and heavy blow is given by 
rapidly swinging round the arms of the screw. By this seoond 
blow the clay in the mould is reduced to about two-thirds of its 
former thickness, and is so far consolidated that it can readily 
bo moved abont and handled. The mould is relieved by an 
upward motion of the plate forming the bottom of it, worked 
by a levor-liandle at the side of the press. On bringing this 
plate back to its former position, the monld is again ready to 
charge with olay for the formation of another tile; the entire 
process occupying far loss time than wo have taken to describe 
it. For small tiles and diagonals or anglo-tilos, a divided 
mould making two at a time is commonly employed. A press 
on a very much smaller scale and worked by girls is used for 
making in exactly a similar way, the. encaustic tessera for 
mosaic work. 

Of course, by using dust stained in various colours, while 
the clay is in the state of slip, tiles or tessera of any self tint 
can be obtained by this process, and tiles made of pure white 
clay-dust arc in general use for decoration, either by transfer 
printing or painting. Before the tiles can be decorated, they 
must necessarily bnmod into the state of biscuit, which is 
effected in “ ovens ” of the kind commonly used for burning 
pottery. These ovens may be described in a few words, as 
follows:—Bound a circular chamber whioh may be from 14 
to 16 feet in diametor, are arranged a series of fire-places or 
“ fire-holes,” varying from eight to twelve in number. These fire- 
holes communicate with the oven by moans of flues passing under 
the floor to an orifice in the centre, and small vertical chimneys 
built against the inner wall called the ” bags.” These ovens 
may be from 14 to 20 feet in height, and ore covorod in at the 
top with a brick dome pierced with openings (generally tiirect 
to each fire-hole) to carry off the products of combustion. A 
fierce upward draught is produced by surrounding the entiru 
oven with a flask-shaped chimney. This chimney, from the fact 
that its width at the base is such os to enable the workmen to 
attend to the 'fires under cover, is coUod the “ hovel." The 
goods to bo fired are enclosed in oval boxes of fire-olay oallod 
“ Beggars,” to protect them from the flames which freely enter 
the oven through the floor and bags. Some tile-makers have 
introdnoed soggara of a squoro form whioh can be better filled 
with tiles than the round or oval boxes, bnt are said not to last 
so long. Those seggara when filled* ore placed one above the 
other in stacks, sometimes twenty-five saggars in height, called 
“ bungs.” Infiring abisonit ovon.thensaal preoantions are taken 
to raise the boat very slowly, so that the go^s are “ smoked” for 
many hours before the full firing, whioh lasts about forty-eight 
hours, is oommenced. All tiles have to be first fired in the 
bisouit oven, and for plain enoaustio tiles, this is the only 
firing required. 


SHIP.BIJILDING.—VIII. 

BT W. H. WHITK, 

Follow of the Boyol Sctool of Naval Areblteoture, and Uember of tbe 
Institution of Naval Arohiteots. 

THE FBAMINO OF IBON SHI7S (eontiniMd). 

It will be remembered that in remarking on the framing of wood 
ships considerable importanoe was attached to the use of dia¬ 
gonal riders; and in the earlier days of iron ship-btdlding many 
proposals were mode to employ similar strongtiieninga in iron 
ships upon the inside of the frames. These proposaJs were 
baaed upon an entire misconception of the reLstive oapabilitie:* 
for resisting strains of. the skins of the two classes of ships, and 
they have never found muoh favour with practical bnilders. 
The planking of a wood ship is made up td mzmecons narrow 
■ttakes, almost destitnte of edge-oonneotiona, and very liable 
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on tbat aooonot to BUding of eclge on edge when any eliange 
in i^e longitodmal form takes place; ooneequeatly, diagonal 
ties are in them most important auxiliariee. The plating of an 
iron ship, on the oontrary, is made np of oomparatiTaly broad 
gtrakes, strongly riveted to each other at the edges, and forming 
a combination which is capable of resisting and transmitting 
straina in all direotions, without any aid from diag^onal ties. In 
other words, the edge-riveting of the strakes of ontaide plating 
in an iron ship does in a mneh more efficient way that which 
the diagonal riders ore intended to do in a wood ship—viz., 
to prevent changes in the relative positionB of the varions 
etn^es in the skin, and to increase the rigidi^ and strength of 
the struotnro. 

Beverting to onr oompaiison of ships to girders, we may con¬ 
trast the conditions of wood and iron ships more readily, and 
fnrthsr illnstrate the statement jnst made. In the wood ship’s 
girder, for the upright position, the web, between tho npper and 
lower flanges, wonld be formed of the planking on the sides, 
as we have said, of narrow strakes imperfectly connected to 
each other. When subjected to strains, such a girder might 
obviondy bend without developing tho full strength which it 
would have if the web, instead of being made up of several 
layers badly joined, were formed in one piece; for in tho latter 
ease ihe web would greatly aid the flanges, whereas in the 
former the flanges would have to act almost alone, and tho 
layers in the web, instead of acting together, wonld probably 
slide upon one another. Any means, therefore, of increasing 
the rigidity of the web, must lead also to a gain in tho strength 
of the girder; and in preventing the sliding of layers in the web, 
diagonal braces strongly fastened to tho various layers would bo 
of great service. The transverse frames, as was previously 
explained, are not capable of opposing this change of form, and 
consequently diagonal riders must bo used in wood ships. Nor 
can the transverse frames of iron ships oppose similar changes 
of form; but in them tiio strakes of outside plating are so 
strongly riveted to each other at tho edges as to form what is 
almost equivalent to a web made of one piece, and possessing 
such an amount of rigidity as to enable the flanges to develop 
their strength satisfactorily. No one would propose to add 
diagonal atrengthenings to the web of a girder if that web were 
made np of one piece ; and similarly it wbuld be most unwise to 
dispose material in the form of diagonal riders in on iron ship, 
seeing that the skin-plating really oonstltntes one well-connected 
mass. These remarks are made hero rather than in our farther 
deeoription of the ekins of iron and wood ships, because the use 
of diagonal strengthenings is so closely oonneoted with the 
arrangements of the framing. 

Attention will next be directed to the “ diagonal system ” of 
framing iron ships. This has not been commonly adopted, but 
it has been made use of in the oonstmetion of several vessels, 
and therefore merits notice. 

The frames used in this system oonsist of frame angle-irons, 
reversed frames, and floor-plates, jnst os the ordinary transverse 
frames (diown in Fig. 20, page 150) are formed. Instead of 
being placed in vertical transverse planea, however, the frames 
are ^«ffined to the vertical at an angle of about 45 degrees, and 
oonseqnently would appear in a profile view of the ship so built, 
jnst os the diagonal riders of a wood ship appear in the elevation. 
Fig. 15, page 81. In some vessels built on &is plan the frames on 
one aide elope forward throughout the length, and those on tho 
other nde dope aft. The deok-boams, also, instead of being 
placed transversely, are arranged diagonally, those belonging to 
the different decks being made to cross one another, and in 
many other minor respects common arrangements are departed 
from. As a oonaeqnenoe of the diagonal positione occupied by 
the framing, it is found advantageous to moke the butts of the 
outside plating also diagonal, or parallel to the frames, and in 
every way it is attempt^ to substitute diagonal for transverse 
or v^oad lines of weakness. 

The aim ot all these departures from ordinary methods is 
obvious. Under the aotion of longitudinal bending strams, 
an ordinary iron ship is more likely to fail at a transverse 
Beotian passing through a line of rivet-holes in wake of one 
of the frames, than at any other section. The cxiginators 
of the diagonal system, starting from this foot, have aimed 
at so disposing the material need for stiffening the skin, 
as to make it impossible for a ship to brmk aorosa at amy 
transverse section of the outside plating, without also breakiug 


aoroBB the ftames, beams, etc., which oross the line of fracture 
of the plating. In other wo:^s, they have sought to remedy 
the great defeat of tho transverse system of framing already 
pointed out—^viz., the inoffioionoy of the main frames against 
the principal bending strains to which the ship is subjected. 
And to some extent they have snooeeded. For example, the 
lines of riveting of the plating to the frames are no longer in 
transverse planes, but in diagonal lines, and therefore less 
likely to be followed by the fracture. Fresnming, os seems pro¬ 
bable, that the line of fracture will bo more or less closely in a 
transverse plane, it will be evident that several of the diagonal 
frames will cross that lino, and lend their strength to the 
plating, requiring to bo broken across before the entire separa¬ 
tion of the parts before and abaft could be effected. The SMne 
idea, doubtless, has led to the beams being placnd diagonally, 
but the gain of strength which follows is much less important. 

Against these advantages must be set some grave disad- 
vant^os. First of all, tho diagonal system leads to much more 
complicated and costly workmanship than is required by the 
transverse system. It appears also that, althongh the diagonal 
framing does lend some aid against longitudinal strains, there 
still remains a neoessity for employing internal keelsons and 
stringers similar to those need in ordinary iron ehips. Diagonal 
frames, moreover, have this disadvantage as compared with 
transverse vertical frames, that they are heavier and neces¬ 
sarily tend to droop at the upper extromities, being retained in 
their inclined iwsitions only by the support of the onteide 
plating. For these and other reasons ship-bnilders have never 
favoured tho use of this system, but have preferred to employ 
the transverse system, which can be so reinforced by longi¬ 
tudinal strongthonings as to answer well in even the largest mer¬ 
chant ships. In fact, with eqnal weights of material it appears 
possible to give a vessel almost, if not quite as great strength 
against longitudinal strains by framing her transversely and put¬ 
ting in good keelsons and stringers, as by framing her diagonally. 
Even with diagonal frames longitudinal strengthenings wonld 
be used, and tho saving in weight obtained by using transverse 
instead of diagonal frames would aid in giving increased longi¬ 
tudinal strength te the vessel built on the ordinary plan. Apart 
from this, however, there are the important considerations of 
cost and simplicity of construction, both of which arc greatly 
in favour nf tho transverse system, and these have, no doubt, 
been tho chief canses of the non-employment of the diagonal 
system. 

Taming next to the longitudinal system of framing, we meet 
with an arrangement which well combines simplicity and 
strength, and is likely to be more extensively used when the 
necessity for following ont in practice the tme principles of 
oonstmetion becomes more pressing. At present the trans¬ 
verse system of framing can be made to answer even in our 
largest merchant ships ; but it has the great defect of leaving 
to supplementary strengthening's tho work of sncoouring 
tho outside plating agoinet longitudinal strains, while the 
greater portion of the weight of material used to stiffen the skin 
is available only against transverse strains. In the longitudinal 
system the conations are entirely revereed. The main frames ore 
effective against longfitudinal stroinBand are all directly connected 
with tho plating they ore intended to Uasist, while tho transverse 
framing ie made to ocenpy a subordinate position. Such a 
change could not be expected to find favour at once, involving 
ae it did a departure from long-neod methods, and even now the 
longitudinal system is but seldom need by private ship-builders. 
It has been used, however, by its author, Mr. Scott Bussell, in 
several of his ships ; tho Great Eaatem is so constructed; and 
the system of constmotion nsed in the armoured ships of the 



Boyal Navy is in some respects an outgrowth from the IdUgl- 
tuffinal system. Foote such as these are, wo think, sufficient 
testimony to the merits of this plan of building, which without 
farther preface wo will attempt to describe. 

In Fig. 22 is shown a transverse section of a portion of the 
fteming of a longitndinally-bnflt ship. It will he seen that 
there is no mctemalkeel, but what hoe been desoribed as a “ flat- 
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plftte ” keel; upon which ataada a vertioal keelaon, or keel (k), 
formed of a plate with doable an^le-irons aa both edgea. Thia 
keelaon would be oonfinuona thionghont the length of the ahip, 
the batta of the aoreral lengths of plate and angle-iron used in 
its oonetrnotion being carefully shifted from those of the flat- 
keel plate, and aeoured by well-riveted atrapa. Each of the 
atrakea of plating ia supported by a longitudinal frame or 
girder (h) formed of a plate with a single angle-iron on each edge. 
Theao plates would, of oourae, be varied in depth and thioknesa 
according to the size of the vessel, as would also the dimenaiona 
of the angle-irons. The butts of the plates and angle-irons would 
also bo carefully ahif ted and strapped; and in the former opera¬ 
tion regard wpuld be had not merely to the butts of the parti- 
onlar girder or frame, and the atrako of plating to which it was 
secured, bat also to those of the other longitudinals, in order to 
avoid any spooially weak cross-section. The longitudinals 
stand square to the plating at every section, so that the angle- 
irons on their edges ore not bevelled; and as a oonsequenco the 
surface of the plates ia “twiated." The greater number of 
these frames would be oontinued right forward to the bow, and 
to within a short distanoo of the stem of the ahip; but some of 
them would bo stopped short at sectionB more or less distant 
from tho cztretuities where the girth of the vossol becomes 
mueh less than it was amidships. At tho stem, transverse 
framing is often employed for a small part of the length, as 
there are special advantages grained by this arrangremont in 
portions where the vessel is very fine; in some oases, however, 
the longitudinals extend quite to tho stern-post. 

Only a portion of the vessel's seotionis shotm in Fig. 22, but 
it illustrates the grreat features of the arrangements that would 
be made at least up to tho height of tho lower deck. Slight 
variations, of coarse, would ooour in different vessels. For 
«xample, a builder might not fit a longritudinal frame on every 
strake of plating, but on only every other stroke; and in the 
Chreat Jiastern herself only tho strakes near the middle lino, 
which hare to boar the strains oonsoquont on the ship taking 
the grrouud, are thus indivulually supported, tho longitudinab 
coming on alternate strakos at other parts. Tho parts of ships 
lying above the lower docks are not usually framed longitu- 
dinally, sufficient strength being obtained from plating laid on 
tho deok-beatuB, aa we shall endeavour to explain fully here¬ 
after. 

The simplicity and efficiency of this system cannot fail to bo 
Tomorked. It provides ample longitudinal strength by moans of 
the strong girders directly connected with tho outside plating, 
and crossing tho probable lines of fracture at right angles. In 
an earlier paper it was remarked that by placing two thin plates 
of iron at right angles to each other, and seouring them in tliat 
position by connecting angle-irons, it was possible to form a 
strong T-shaped girder out of platos which apart could not sus¬ 
tain their own weight without bending between the points of 
support. Hoi-e we have this simple principle practically applied. 
The thin bottom plating, which would bond or buoklo readily if 
unsupported, is effootually stifieuod by tho longitudinal frame, 
also formed of a thin plate with angle-irons attuuhod. When a 
ship is Hubjeot to hogging strains, the lower uprt is brought 
under compression, and if there ore intervals of comparatively 
unsupported i>latiDg, aa there would be in a transversely-framed 
ship without numerous longitudinal strongthonings, the plating 
will be very liable to fail, not by diroet compression, bnt by 
bending or bxicMiyig between the frames. Tho thinner the 
bottom plating is made, the greater is the danger of buokling, 
and the more need is there for offioient longitudinal stifleneis; 
bdt no fear need be entertained on this account, oven with the 
thitinest plating, so long os snob a system of framing as is 
shown in Fig. 22 is employed. 

'This matter has an important bearing on the probable future 
use of steel in ship-building. Steel has not, as yet, been largely 
used, but there is every reason to anticipate its more general 
employment when its manufacture Ium been somewhat improved. 
At present sbip-bnilders feel some distrust in using it, because 
it *l^ot of so eertsinly nnifotm a quality as might be wished; 
bat when this objeotion is removed, as it doubtless will bo, tiw 
obvious gain by using the stronger material in plaoe of iron will 
probably lead to its extensive employment. Good iron plates 
will bew a tensile strain of from 20 to 22 tons per sqaoye inch 
ot seotioaial area, whereas sted ^tes of good qnalii^, aa now 
made, will bear a strain of more tium 80 tons to the inch, as 


that being half aa strong again aa the iron, the steel plating cf 
a ehip need only bo two-tUrds as tbidk, or as heavy, in o^or 
to give the same strength against tensile etraina. Agiunst oom- 
preseive etrains tending to bnokle the bottom plating, the 
thinner steel plating would need longitudinal stiffening even 
more than the iron plating, and it may be reasonably antid- 
I»ted, therefore, that when eteel ships become more common, 
the longitudinal system of framing, or some modifications there¬ 
of, will oome into more general use. It may be interesting to 
add that professional ship-builders who have inspected the eteel 
blookade-ronnars built in this oonntry dating the Civil War in 
America, have reported that it waa a common thing to sea the 
bottom plating slightly bent, or bnoklod, between the transverse 
frames—a fact wbioh entirely boars out the opinion expressed 
above. 

Provision being made for the longitudinal strength by tho 
I arrangements shown in section in 1%. 22, othor means are 
required to give the necessary transverse strongtb. These are 
of a very simple ohoracter, and need but a brief deeoription. 
Mr. Soott Bnssell relies largely upon the transverse bulkheads 
to supply transverse strength, and fits as many of them as tho 
service for which the ship is intended will permit. His rule, 
where the plan can bo followed, is to have tlto ship subdivided 
into oompartmonts of which tho length is not greater than the 
vessel’s extreme breadth, but this cannot always bo done. Tho 
bulkheads, being formed of platos well stiffened by angle-irons, 
constitute almost rigid partitions in tlko hold, and the strength 
thus obtained is transmitted to tho parts lying between thorn 
by means of the longitudinal frames. In some oases, and wo 
believe the Great Eastern herself is an example in point, tho 
bulkheads arc almost entirely relied upon to supply transverse 
strength to tho stmeturo; but iu other oases, whore tho bulk¬ 
heads are comparatively far apart, transverse framing of a special 
character is fitted in the intermediate spaces. These trans¬ 
verse frames—or, aa Mr. Russell terms them, “partial bulk¬ 
heads ’’—are nsoally about 12 or 14 feet apart; and made up 
of short pieces of plate, fitted between the continuous longi¬ 
tudinals (n. It, L, l), and connected with them by pieces of 
angle-iron. The outer edges of those plates are oonnocted 
with the bottom plating, and on their inner edges there is 
a single rovorsod angle-iron, worked like the plates in short 
lengths. 

In the Great Eastern a water-tight iron skin is fitted upon tho 
inside os well as the outside of the longitudinal frames, uid so a 
“ doable bottom ’’ of a collulor oonstruction is formed. Tho 
advantages in point of safety gained by this arrangement have 
been alroady illustrated, and tho importanoe of thus oonstructiiig 
iron ships has been urged. Doable bottoms also add greatly 
to tho strength of tho lower portions of iron ships; for experi¬ 
mental researches made in connection with the design of the 
tubular bridges over tho river Conway and the Monai Straits, 
showed oonolusivoly that with wrought iron the oeUular oon- 
struoiion waa best adapted for resisting oomprossive strains. 
The cost of construotion is, of course, increased by having 
double bottoms, and there is a decrease in the intornaJ apace 
available for stowing cargo; but it seoms a qoestionable policy 
to set these disadvantages above the advantages just referred 
to, especially aa they may be associated with a moderate total. 
weight of hull, aftor including the material in tho second 
skin. 

Tho principal objections urged against the longitudinal system 
by tho advocates of the transverse system, are tiie greater eost 
of coustiruotion it entails, and the foot that it leaves eousider- 
able spaces of the bottom plating without direct support against 
local strains. Taking the latter objeotion first, it must be 
admitted that thore is soma foroe is it, although ita importanoe 
may have been over-estimated. In a ship snob as that illustrated 
by Fig. 22, for example, it would be possible to find spaces whore 
the bottom for a length of 12 or 15 feet and a breadth of 3 or 4 
feet would have no direct support, being framed in, as it wore, 
by the longitudinals and the porW bulkheads; and where no 
partial bu&heada are fitted these unsupported spaces would, of 
oonrse, be mnob longer, although not broader. Looal strains, 
such aa follow upon grounding or striking some fixed hard body, 
would be most injuiioos in their aotion on these unsupported 
spaees, sad on aooonnt the introdnotion of more dosely- 
epaoed ligdit tnnsverse traaaitg seems desirable. It will bo 
shown hstesfter that in bnilding the iron-dads of the navy this 
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ia Aotaally done, and with a email expenditnie of material the 
bottom plating ia well supported. 

i;be remaining objection, additional cost of oonetmotion, ia no 
doubt a true one ^t present, beoanso of the fact that nearly all 
iron ships are transversely framed. Greater aoqoaintanoe with 
the longitudinal system would, however, undoubtedly reduce the 
cost of building very considerably, and make it compare more 
favourably with the transverse system. One thing is certain, 
that ihe necessary strength can be given to an iron ship with a 
less expenditure of material when she is built on the longitudinal 
system than can be done when she is framed transversely; and 
this saving in weight, ^ding as it does to the vessel’s cargo- 
carrying power, must moke her future service more remunerative. 
Cemtinuing at work for twenty or thirty years, and having 
during all that time tho power of oarrying, on the same draught, 
say 100 tons of dead weight more than if she wore built on the 
old plan, a ship longitudinally framed may in the end prove tho 
cheaper, although her first cost may bo greater. From tho 
oommeroial as well as the structural aspect of the case it 
appears desirable, therefore, that improved methods of construc¬ 
tion should be more generally adopted. 

SEATS OF INDUSTRY.—XXIII. 

PU1LAI>£LPHIA (continued). 

BY Urri.LIAM WATT WEBSTKR. 

At Girard College, already mentioned, .ItO boys are snpimrtod 
and educated on a foundation estimated at 8,000,000 dollars. 
This magnificent institution, unequalled in the United States, 
was endowed by a FhUadclpbia merchant named Stephen 
Girard, who did muoh to promote tho commercial prosperity 
of the city. By his will this worthy forbade tho appointment 
of any ecolesiastic, missionary, or minister, to any ofiice in 
connection with the oollego, and even ordered them to be re¬ 
fused admittance within its precincts. Another part of his 
deed, however, directed that care should be taken ‘’to instil 
into tho minds of the scholars the purest principles of morality,” 
and from this it has boen inferred that Girard did not intend to 
exolnde tho Bible from the curriunlum of Instruction, and tho 
diioctors have considered themselves justified, under this olausc, 
in binding the president to have family worship morning and 
evening, and to perform regular religious surrioes twice evoiy 
Sunday, either personally or by some competent lay deputy. 
There are throe medical colleges in Fhiladelt>hia, with an aggre¬ 
gate annual attendance of about 1,500 studenU. The university 
of Philadelphia, founded in 1755, occupie.s a large building 
originally built for the President of the United States, and is 
chiefly disbingaished as a medical school, but in aoldition to its 
faculty of medicine, it has faculties of arts, natural science, and 
law, and it has also attached to it a junior academy and a charity 
school. It possesses valuable philosophical apparatus, and a 
considerable library. The oldest seminary in Philadelphia was 
incorporated by William Penn under the title of tho Friends’ 
Fublio Schools, it is a wealthy institution, and supports a 
number of sohools wbioh give instruction in Greek and Latin, 
mathematios, and natural and mental philosophy. The astronomi¬ 
cal observatory of the city bolongs to this institution, and it also 
* 1)08868868 Valuable philosophical apparatus. In addition to tho 
cduoationol establishments already noticed, there is in operation 
in tho oity and county of Philadelphia, a comprehensive and 
highly effident organisation for imparting oduoation to the people 
under the administration of a school-board. This system in- 
clndoR a high-aobool, where ancient and modem languages, 
mathematics, mental, moral, natural, and political soieii'se, draw¬ 
ing, 6to., ore taught by a principal and ten professors; and 
grammar, secondary, and primary schools. Tho average annual 
attendance at these schools ia estimated at about 50,000, and 
the expense at about .£40,000. There are some 400 female and 
100 male teachers employed in the schools. Among the princi¬ 
pal libraries and literary and soientifio institutions in the oity, 
are the Philadelphia Libraz;^, ostabliahod by Franklin in 1731, 
whioh occupies an elegant marble edifice, and poasesses oonsider- 
ably more than 70,000 .volumoa, a museum and philosophioal 
apparatus; tiie American Philosophiosl Society, established in 
1769, whidi has a library of about 22,000 volumes, and a voln- 
•Identtwesim, and whicih boa published several volumes of Trans- 
Mtkm; the Academy of Natural Soienpes, oompriring a lihnzy 


of about 13,000 volumes, and a cabinet of natural history, 
believed to be tho most oomplote in America, and partionlarly 
rieh in birds, of whioh there are some *25,000 speoimenB; thie 
Atboneeam, incorporated in 1815,whioho«eapieBafinebniUingin 
tho Italian stylo, and has a library of upwards of 10,000 volumes, 
and a reading-room, whore the principal Bnropean and Ametioan 
nowspapers and a largo solootion of European and Amerioan 
magazines are to be found; the Pennsylvania Uistoriosl Society; 
the Franklin Institute, fox tho promotion of the meohonioal 
arts, and an Academy of tho Fine Arts with a gaOeiy of 1,000 
pictures. Of the numerous charities the most noteworthy are 
the almshouses on the banks of the Snhuylkfll, consisting of four 
distinct ranges of buildings containing nearly 4,000 rooms; tho 
Pennsylvania Hospital, establkhed in 1752, one of tho finest 
institutions of tho kind in the United States, attached to which 
are a volnable anatomical museum, a library, and a handsome 
building erected in 1817 for the ocoommcuhition of Benjamin 
West’s picture of “ Christ hoaling tho sick,” the exhibition of 
which is a highly profitable source of income to the hospital; 
and tho United States Marino Hospital, for the maintenanoo of 
invalid oifioers and sailors of the navy, besides various liberal 
and extensive institutions for the deaf and dumb, the blind, 
fallen women, orphans, ote. Tho Volunteer Fire I>ei>artmont of 
the city is 3,000 strong. Besides twelve bonks of issue, there 
are fiftran savings bonks in Philadelphia, and an extraordinary 
number of benefit societies. The hotels of Philadelphia ore very 
extensive establishments. It is doubtful whether any Amerioan 
metropolitan city contains a larger or more beautiful hotel 
than tho “Continental,” which covers an area of 41,536 square 
feet, comprises a main hall 185 feet in depth, contains over 100 
oomploto suites of family rooms, and requires 280 servants in 
various capacities. There are six excellent markets in the city, 
and the streets are traversed by tramways in all directions, the 
number of cars amounting to about 500, drawn by about 3,000 
horses. Tho city is divided for municipal purposes into twenty- 
four wards, and is governed by a mayor, twenty-four seloot oonncll- 
mon, and ninety-five common council-men. Philadelphia sends 
seven representatives and two senators to the State liegislatnre. 

I'ho commeroc of Philadelphia is very extensive and has been 
rapidly increasing. In tho rivers Sohuylkill and Delaware it 
posaesaos the advantage of a double port; the former, being the 
shallower, is set apart for the domestic or internal trade, and is 
the grand depot for tho coal and petroleum of the Union; and 
the latter, having water to float the largest merchantmen close 
to the quays, is exclusively resorted to by vessels engaged in 
foreign trade. To show tho vast and rapid increase in the coal 
trade of Philadelphia, it may bo stated that in 1825 only 5,306 
tons wore brought to tho oity by the Schuylkill, whereas thirty 
years later tho quantity of coal sent down by the same channel 
amounted to about 3,000,000 tons, exclusive of twice as mnob 
supplied through other routes. A largo quantity of thk coal is 
exported from Philadelphia to other ports in tho United States. 
Tho exports of tietroloum from Philadelphia have made extra¬ 
ordinary progress. In 1863 there were skipped at the port but 
4,930,708 gallons, valued at 1,382,082 dollars, and in 1867 the 
quantity had increased to 28,751,44.5 gallons, valued at 8,053,233 
dollars. BesiSos ooa], pctroloum, and iron, tho principal articles 
exported from Philadelphia are wheat and wheaten flour, Indian 
com, and other ogrioultural products. The imports consist 
principally of cotton, woollen, and silk goods; eugar, coCee, and 
tea; iron and hardware; winc.s, braudiea, spioes, dye-stuffs, 
ote. Philadelphia ranks fourth among the x>orta in tho United 
States in point of shipping, being inferior only to Now York, 
Boston, and New Orleans. In 1865, 531 vessels with on aggre¬ 
gate burden of 159,579 tons entered the port. The foreign trade 
ia small compared with tho home or coasting trade. In 1866 
the exports wore valued at 17,913,801 dollars, and the imports 
at 14,115,004, being seronil milHona of dollars in both cases 
lees than i^cy were valued at ten years previously. Philadelphia 
ia fast becoming an important mannfocturing as well oa com- 
mercial oity, the annual value of its manufaotnres being now 
upwards of 175,000,000 doUarf. This oity has goinediia^v* 
putation in America for its shot, nul, ootton, paper, rope and 
glaas manufactories, and it is the largest publishing emporium 
& the United States. Besidea large quantities of books, there 
ore psinted in Philadelphia 13 daUy, 4 tri-weekly, and 46 weekly 
news^pers; 44 magasinee and periodioalB, ^ of which ore 
weekly; and 2 daily and 3 weekly papers in German. 
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TSiCteNIOAL DRAWING.—LX. 

GOTHIC BTOHXWOBK. 

PKBniia>icvi.iiB BKrauBH pxzbb 
Asb BometiineB rimple ootagoiiBinplani w in the preceding stylee, 
bat these are not bo freqnent os before. Cloet^d piers oconr 
l e t y often, their general form being that of a sqnare set diago¬ 
nally. An example of these is given in Fig. 495, p. 113, in order 
that it may be compared xrith those of the two preceding styles. 

FEBPnKDIOVLAB BKOUBK OAPITAI.S AMD FOLIAan. 

The capitals are either oiroular or octagonal, bnt the necking 
is OBoally the former, and the 
npper members of the abacus 
atoost invariably of the latter 
form. The b^ portion is 
mostly plain, bnt is often en¬ 
riched with foliage of an ex¬ 
ceedingly conventional cha¬ 
racter. It is shaUow and 
formal—withont either tho 
freedom and boldness of tho 
Early -English, or the natnnd 
grace of &e Ilooorated period, 
and witit a certain sqnarencBS 
of ontline which the eye soon 
detects. 

We fireqnently find the ten¬ 
drils, leaves, and fmit of the 
vine carved or scnlptnred in 
great profusion in the hollow 
of rich oomioo monldinga. The 
example (Fig. 519) here pre¬ 
sented will iUnstrate this. It 
is taken from the west door- 
wiw of Beverley Church, Totk- 
sbin. The base monldings are 
nanally set upon a lofty poly¬ 
gonal plinth, whidh is eome- 
times double, the lower one 
projecting, and tho projection 
molded with a hoUow or ro- 
vereed ogee. In clnsteied piers 
the bases are mostly treated 
Boparately, as is the case with 
the capitals; bnt sometimeB 
the monldings are oontinned 
all round, as are alec the 
plinths. 

fi:bfbmdxct;ia.s xmoubh 

OBMAXBMTB. 

One of the moat dutingnish- 
ing featorea in the ^stem of 
ornamentation of this period 
is that called *' panel-traoery ’* 

(Fig. 513), with which the 
waUs and vanlted eeilinge of 
bnildinga axe almost entirely 
oovered. The patterns were 
formed by mnlUons and t raeery 
resembling windows, and a 
vmrieW of other panels of dif- 

fsMttt forms, snob as oiroleB, squares, qoatrefoilfl, etc., are pro- 
foaely used in subordinate parts, which are enriched with 
taoety, feathermgs, foli^, ehieldH, etc., disposed in various 
ways. A very rich description of vanlting was also frequently 
used, compost of pendwt curved aemioonee, oovered with 
foliated panel-work, called “ fan-traoeiy,’* from the design re¬ 
sembling a fan spread open. 

Another voy general ornament of this period is the Tudor 
flower (Fig. 514). This ornament is formed of a series of flat 
leaves, placed upright on tho etolk. It was very much used 
late the period, in long enite oa a oreet or ornamental 
fini s hin g, on oornioes, or in forming a beautiful enriohed battle¬ 
ment. The examples differ oonaideiably in detail, bat the 
general effeot is nearly the eame in all. 

Cocnioes and braokete were freqnently ornamented by 
beads, with shoulders, wings, and arms. These are 4Bled 
Angel-braokets, and Aagel-ooxbals. 



Tig. 518. 


A great number of edifloee (says Biokman) of th is styk appear 
to have been executed in the reign of Henry ViL, as the angels- 
so profneely introdnood into bda own works are abnndantly 
scattered in buildings of this style. Fig. 515 is part of an angel 
string-conrse from St. Mary's Church, Oxford. 

The Porfa nilliH (T%. 516) and Bose (Fig. 517)—both badges of 
the Tndors—^were constantly carved as ornaments. 

The crockets (Fig. 518) Iralonging to this style for tho moat- 
part partake of the squareness which pervades oU tho foliage, and 
in a few instances animals and fignres were used for this purpose. 
Tho buttresses are, as far as the pkm ones are eonoemed,. 

similar to those of the pre¬ 
ceding style, but are sometimes 
finished wilh a orocketod pin- 
noole. In richer examples the 
faces are oovered with panel- 
work, and ore finished with 
square pinnaoleB eometimea eeh 
diagonally and terminated with 
a oTooketed spire, or finished 
with an animal or enrii-liko 
ornament. 

Parapets wiih sqnaxe em- 
battlements are very common 
at this period, but they axe 
also frequently pandit or 
piorood with traoery in qnatro- 
foils, or trefoils inserted i» 
square, oironlar, or triangular 
oompaxtmonts. The oomioo is 
often composed of eevoral 
monldings, divided by rather 
shallow hollows, in some of 
which flowors of sqnare form 
ore placed at intorvols, and in 
others fignres or groteaqne 
animals (as at Mold Chuxoh, 
Flintshire) are introduced. 

The towers axo frequently on 
a grand scale, end axe «dten 
devoid of spires, though fre¬ 
quently enrmonnted by a lan¬ 
tern, and aometimee by four 
little tnrrote placed at tho- 
angles. The towmu of eomo 
of the ohnrohoB of this period 
axe in some oaaea almost en¬ 
tirely ooverod with panel-work- 
as that at Wrexham, Denbigh, 
ahire. Towers of thia period 
are Very nnmerone; amongst- 
the best axe those Ot Canter¬ 
bury, York, and Olonoester 
Cathedrals, and the obuiuhes 
at Boston and Loath in Lin- 
oolnshire; Kettering, Korth- 
amptonahire; Chtweeater, 
Glonoestershire; Great Mel- 
vom, Woroestershire: Magda¬ 
len College, Oxford; ^.John's, 
Cheater, eio. 


Fig. 517. 


Fig. 516. 

The gradual deoline of the Gothic style is very evident in 
later ohurohes of this period, espooially in those of the beginning 
of the sixteenth Sentury. It will be easily understood that the 
Beformation was for a time a bar to the revival of this style 
and the introdnotion at the same period of olaaaioal axohiteo- 
tnre, called the Benaissanoe, whilst the elements of tihe Gothic, 
though muob degrradod, were still in exiatenoe, led to that- 
mixture of features, and that inoongmity of style which fol¬ 
lowed, and whhdi hais been called the Debased Gothio, in whiob 
every real prinmplo of art and of beanty was lost. It may be 
known by its general heaviness of design and want of elegance 
in detail—depressed ardhwaye and aqaate-headed windows with 
perpendionlar mnllions, the heada of the lights often without 
foliation. It is ohiefly found in rqMuxs and alterations mode 
between 1540 and 1640; bnt some few apemmens of good work, 
espeoially of fan-traoery, are to be fonn^ In. Italy the Goihio 
was at onoe snpereeded by the Classiaal; bnt in other oonntriee 
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it wnied Jato fotaui irUdi have been tenned " After-Goihia,’’ preeant day that these leasone an pat forth, in (ho saiigaine 
whbh giadoally merged into the BeviTed Ohueio. Within hope that they may be of service to them, 
recent years a lerival of the Gothic has taken place in this 

oonnfay. and bnildinge have been, and ace being, erected, which olobbabt of boms tsbmb tjbbd in gothic abohitectoee, 
will well bear oompariaon with those of the Middle Ages: We ^ addition to those explained in the text. 
have architeots too, whe, in their knowledge of scientific prin- Abachb —Derived from the Greek word signifying a tray or flat 

oiples of design and oonstmotion, and whose enthnsiasm in board. The slab forming tlio upper part of a c^amn, pier, etc. 



Fig. 519.— cabying fboh the west doobwat of bevebdey chnbch, youeshibe. 


thw Tooation, have never been Borpassed in any oonntry or Abbey —A term for the charob and other buildingfl used by 
period; uid, farther, we have mechanical appliances for those conventual bodies presided over by an abbot or abbess, 
working stone and iron, and for bnilding pnrposoB generally, in contradistinction to a cathedral, which is presided over by a 
never eqoalled—^bnt vie want educated workmen. In the bishop, and a priory, the head of which was a prior or prioress. 
Middle Ages, erifluteota, as^istinot praotitionera, were soaroely The word is generally snpposed to have been derived Mm tho 
known, Mtd little more than the general arrangements of a Hebrew db, “ father," by which name the abbot was generally 
bnilding were derigned by them, ^e rest lay with the work* designated. 

men, who, working in bo^es, largely inilnenoed the beaufy and Adheby, also Adhebt, Adhbbie, and Ambry — ^A recess in 
sppeacaaoe of the bnildings. Their spirit was in their work, a wall of a chnroh, sometimeB sqaare-headed and sometimes 
Md they were thns enabled to “ stomp each stone with earnest arched over and closed with a door like a enpboard, and used to 
feeiing." It is with the view of ai^g the workmen of the contain the ohalioes, basinB, ornets, etc., for the nse of the 
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THE TECHNICAL EDUCATOE. 


ptieiit! jaaiBf of them hare atone ahclrea. They are eometimea 
near the piacina, but more often on the opposite aide. The 
word alao aeema in mediteval times to have been commonly used 
f<ff any oloeed cupboard, or even bookcase. In fact the word 
ormoire is applied to such objects to the present day. 

AnOBXr'juiaHTS—The outer upper lights in a perpendicular 
window, next to the springing. It is probably only a corruption 
of the word “angle-lights,” aa they are nearly triangular. 

Ascapi!—range of arches supported either on oolumna or 
piers, and dotaohed from or attached to the wall. Tho word 
is na^ in contradistinotion to colonnade, which is a range of 
columns carrying level entablatures. 

Bay Window —Any window projecting outwards from tho 
wall of a building, either square or polygonal in plan, and com¬ 
mencing from the ground. If they are carried on prelecting 
corbels they are called orid windows. Their uso seems to have 
been confined to tho later periods. In tho Tudor and ElizaboUion 
styles they are often semicironlar in plan, in which case some 
think it more correct to call them Boie-windows. 

BEI.FBT —Properly speaking, a detached tower or campanilo 
containing bolls, but more goncraUy applied to the ringing-room 
or loft of the tower of a oburch. 

Bbu-cot, Bell-oabik, or Bell-tubeet —Tho place whore 
one or more beUs are hung in chapels or small churches which 
have so towers. Those which stand on the gable dividing the 
save from the chancel arc generally called Sonctus Bells. 


PHOTOGRAPHY.—V. 

By J. C. XiEake. 

FAIIiTIBES IN KABDY ATTEH1>TS: THEIK CAUSES AMD 
BEMEDIEB. 

It is hardly to bo expected that tho first attempt to produce a 
negative wUl be perfectly succosaf ul, oven if the utmost core has 
been exorcised in all parts of tho process previously given, and 
we will therefore proceed to olassify tho failures most likely to 
occur, aud to offer suggestions os to their causes and remedies. 
The defects most likely to bo mot with in making a negative 
are, first, a general clouding or fog over the whole plate after 
the applioation of tho iron-developing solution; and, socondly, 
marks, stains, or spots in various parts of the pioture. Of 
these the first-named is by far the most difficult to trace to its 
l^roper source, os it may arise from various causes, oftentimes 
from that which might bo least suspected. Thus, on exposure 
of undue length in the camera will produce an effect of fogging 
which, to the inexperienced operator, might at first appear to 
bo tho result of improper chemical action, while a similar 
dofeot will result if the plate has received the slightest trace of 
white light daring its preparation, or through an unobserved 
crack or hole in camera or slide. From whatever source 
tho defect arises, however, it must bo overcome, or the re¬ 
sulting pictures will be fiat, aud deficient in light and shade, 
or biiUiauuo. 

If care be taken in oonduoting tho following experiments, 
it will bo easily asoortoinod by tho operator from which di¬ 
rection the difficulty arises, and then as easily remedied. We 
will suppose that upon tho application of the iron-developing 
solution the picture flashes out almost instantly, and is thin 
or vailed, aU the details being equally developed over the whole 
surfooe, but without density and brilliance. In this case tho 
exposure has probably been too lung by at least ono-holf. 
Koduoo this when trying another plate, and observe the result. 
If the fogging is still present while some of the detail in the 
shades of the picture remain undeveloped, the canse is pro¬ 
bably diffused light either in tlio darkened room or in tho 
camera. Shut out the whole of tho light from the laboratory, 
aud prepare a plate by the aid of a small candle, carefully 
surrounded with several thicknesses of yellow paper or oolioo. 
Insert the plate in the dido as if for exposure in the camera, 
and it is endoeed allow the yellow light to enter the room 
through die prepared aoieen. Now draw np the shutter about 
an inoh, and allow the yellow %htto fall upon the exposed 
portion of the plate for about fire ndnutos. Develop oe usual. 
If Miy tnoe of an exposure is to be observed, the light is too 
sireogt **id extra thioknesses of ydlow paper or calico must be 
added, in order to exdude it. When tills test is concluded, 


prepare a plate in the same manner, and place it in the oameia, 
drawing up the slide, but not removing tiio cap from the lens. 
Allow the plate to remain at least five zainntea. If on de¬ 
velopment any spots of light appear, or the plate is fogged, 
there it probably a small hole or defeot in the camera, which 
must of oourse bo stopped. This is a cause of failure whioh 
often remainB undetected—in fact, unsuspected—for years, and 
one which cannot bo too carefully attended to and remedied. 
Should there still bo signs of fogging, it may probably bo now 
traced to tho chemicals employed. If the collodion is newly 
iodised, and used in a bright light, it will frequently exhibit 
this defect, especially if it be perfectly oolourless. Drop into 
tho mixed collodion enough alooholio tincturo of iodine to re¬ 
duce the mixture to a very pale sherry tint ; should this fail, 
add to tho nitrato-of-silver bath pure nitrie acid, in tho pro¬ 
portion of one drop to the pint of solution. After those addi¬ 
tions allow the solution to rest at least three or four hours, 
and there will, in all probability, bo no further difficulty from 
this cause. It should always bo remembered that in working 
in the open air, or with portrait lenses of large aperture, it is 
of tho utmost importonoo to keep the glasses shielded from the 
light, either by moans of a fixed shade, or by holding a light 
board or card over them. It often happens that a very slight 
mist or fog in tho atmosphere will, oven if almost im¬ 
perceptible to tho eyo, produce a very deoided fogging upon 
tho plate, aud this must, of course, bo allowed for in all test 
operations. 

The other class of failnros wo have mentioned—namely, 
markings and spots of various kinds—are very much more 
easily traced to their causes, and will give but littlo trouble to 
tho operator, if ho will only take proper onre in observing their 
charaotor. Of these defects that most frequent Ls the presence 
of transparent spots of various sizes, giving the effeotof holes 
in the collodion film. Those most frequently arise from dost in 
the collodion or tho nitrate bath. Always allow the collodion 
to settle for some hours before pouring it into the working 
bottle, and bo careful that no dost is allowed to enter the bath, 
or to adhere to the sides thereof, when the solution is poured in. 
Sometimes small portions of the ooUodion film become detached 
from the plates during the sensitising process, and after floating 
in the solution, attach themselves to tho sensitive surfaoo when 
tho plate is removed, of coarse shielding it from tho action of 
light in the camera, and producing transparent holes of their 
own shape and size. To remove these the bath solution must 
ko frequently filtered, and before commencing operations each 
day any scum or dust should be removed from the top of tho 
selution. Spots with an opaque centre, or oomplotoly opaque, 
frequently occur when using a new camera, from the contact of 
small particles of metal left in the slide. All the ports of tho 
camera and slides should be most carefully washed before 
use, and the joints well brushed out. Too much care cannot 
be expended in keeping all the solutions well filtbrod; and this 
being done, failure from spots will be of rare oocnrronce. Another 
cause of failure arises from imperfect coating of the plate with 
collodion. If this be not properly effected the film will be of 
various thicknesses, and, consequently, more density will be 
observable in one part of the finished picture than in others. 
This defect will generally be msre apparent in the lower or last- 
ooatod portion of tho plate than at tiio top, in conaequenoo of 
tho evaporation of the solvents leaving tho collodion thicker in 
that part than in the other. In worm weather this frequently 
becomes a source of considerable difficulty, and the only 
remedies are tho use of a collodion containing a rather larger 
proportion of alcohol than usual, and a rapid and dezterons 
coating of tho plate, in order to reduce the evaporation to a 
minimum. Tho irregularity of the film is, however, easily 
observable before sensitising, and when it is‘likely to be of 
importance, the plate should be rejected before inserting it in 
the nitrate bath. Cloudy markings are also frequently oansed 
by an improper application of tho developing solutiou. This 
should be applied from the lower edge of the pioture, and 
should flow in a perfectly even wave over the surface, sweeping 
and casing away with it a little of the silver solnl^n, which 
will have drained down to what was the lower edge of the plate 
daring exposure. The developer tiiould not he allowed to rest 
upon the plate, but be kept fldaing In all diieotiona, so as to 
become intimate mixed with the nitrate of silver solh- 
tiou. Should tiiis preoantion be naglooted, itcegular develop* 
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ment will rosult, and ataiu will be made whioh will spoil the 
piotoro. It is also neoeasaiy to nao so muoh aloohol' as will 
oauae the deroloper to mix at onoe with the eilTeT solution in 
the film; and it mnst be remembered that as the ether and 
^eohol aoonmnlato in the nitrate bath this quantity must bo 
increased, or oily markings will make their appearance from 
irregular action, the flaid being altogether rejected from some 
portions of the surface. Cu^ed lines of over dovolopmont 
sometimes occur, either from the use of a too concentrated 
solution of iron, or from the insufficient quantity of acetic acid 
present. In warm weather, or when the chomioala are in a very 
highly sensitive condition, and the light intense, double or treble 
the quantity given in our formula may bo used with advantage. 
Straight lines traversing the film in the direction of the surface 
of the bath ore caused by checking the plate whdo it is being 
immersed in the solution. The dip must be made at once, and 
without the slightest hesitation; hence it is advisable te make 
use of a bath considerably larger than the plate itself, in order 
to prevent its catching at the comers. Wavy lines running 
from the top to the bottom of the plate are caused by the 
trickling down of the nitrate solution during the exposure. 
The plate must bo well drained before insertion in the dark 
slide of the camera, and not laid flat or bo reversed in position 
until its removal for development. It is a good plan to lay a 
slip of clean white blotting'papor in the slide under the plate, 
which will absorb any solution which may flow to the lower 
edge; of course a fresh slip wUl bo required for each plate. 
It sometimes happens that linos make their appcarouco in the 
dirootion of the dip. These are often due to soino slight im¬ 
perfection in the bath, and the addition of nitric acid before 
mentioned will mostly remove them. If not, reverse the posi¬ 
tion of the plate upon the dipper, and keep it in constant 
motion during the sensitising process. Observe whether the 
lines extend to the top of the plate, and are straight, or only 
about half-way across, and are irregular. In the latter cose 
either the bath is weak iii silver, or the collodion lias not been 
allowed sufficient time to set before immersion in the solution. 
The remedies in both cases are obvious. 

Wo have before treated of the effect of over exposure of the 
plate in the camera, and we now como to that of under ex¬ 
posure. Of the two evils, that of over exposure is the least, 
and the must easily overcome, as hy a little skill in develop¬ 
ment the effect of over action of light may be considerably 
rednood, and a tolomblo picture obtained. In the case of in¬ 
sufficient aotion, however, nothing whatever can be effeoted, 
and any considerable forcing of the development will only 
render the pictnro more hard and offensive in on artistic sense. 
The test of proper exposure is that of development of detail 
in the darkest shades of tbo picture, and it is only when this 
is obtsiued that the work can be said to be perfect. If upon 
the application of tlio iron developer the image appears tariUly, 
and is weak and metallic, the details at the same time being 
thin and poor, it may at once bo considered that the aotion of 
light has been insufficient. It often happens that the operator 
does not sufficiently consider the quality of tbo light ho is 
working with, or the oharactor of the subject ho is photo¬ 
graphing. For instance, the time we have given for exposure 
in a former chapter wonld be ample in that particular instance, 
while in a close lane, or in a forest, the time must be trebled, 
or more than that. The remedy for this defect can at once be 
seen, and on no oocouitt should an under-exposed pictnro bo 
allowed to pass. Sometimes, however, the effect of under 
exposure is produced from an improper condition of the ohe- 
mioala, as, for instance, depression of temperature, the use of 
a decomposed ooUodion, or a weak and disordered nitrate bath. 
In the first ease warm ^ the solutions to forty or sixty degrees. 
This will often effect a change as if by magic, and tbo piotures 
will develop well and rapiffiiy. The next case is not of frequent 
oocurrenoe, as ftromo-iodised collodion will, if proper.y treated, 
keep almost an indefinite time. It is advisable, however, in 
cold and dull weather not to mix too muoh at onoe, as a 
freehly-iodiged sample wift meetly work more rapidly than on 
dd one. In the third instance add silver to tbo solution, in the 
proportion of ten grains to the ounce; and this failing, mix a 
ten-grain sdintion of carbonate of soda, and add to the nitrate 
of tilver eolation nntdl it is quite turbid. Filter at least twice, 
and add one drop of nitric add. In oil probability this will 
remedy defect ; bnt it must be remembered that no amoniit 


of oxpoenro or of skill in manipulation will make up for bad 
light, and that, consequently, where the beet results are re¬ 
quired, the weather must be favourable and the light good. It 
is Boaroely to be expected that the operator will meet with all 
the oanses of failure whioh wo have here enumerated, but we 
have mentioned these in order that he may be prepared to meet 
any difficulties whioh may arise. We should advise that aU 
failares be met in detail, and remedied one by one; when, 
having boon once overcome, the operator will have no further 
difficulties. Wo may now consider that a perfect negative has 
been produoed, and will in our next paper proceed to describe the 
processes by whioh the positive prints upon paper are produced. 

========== 2-fi 

OPTICAL INSTRUMENTS.—XVIII. 

BY UAMVEL HIGHLEY, F.O.e., BTC. 

SOUBCES OF ABTXFICU.L LIUUT (continued). 

Aftbr critically weighing the value of the various safety 
arrangements described in the preceding papers, I believe I 
have hit upon a contrivance that will make the oxy-hydtogen 
apparatus perfectly safe for amateurs if they will but use it 
properly. This is described in a paper I read before the Pho- 
tograiihio Society, February 8th, 1870.* 

Highley’x Interceptor (tHg. 72) consists of a brass cylinder 
water-chamber, closed by a screw-cap lid, throngfa which passes 
a brass ingress-pipe, l, that is connected by a flexible tube with 
the gas reservoir. This inlot-tubo is fitted with a “ ball-valve,” 
B, or a “ lip-valve,” L, or both, so os to allow the gas to pass in 
one direction only; and like Gurney’s arrangement, it posses to 
the bottom of the cylinder, so that the bubble must rise through 
some throe or four iuohes of water, before it can escape by on 
ogress-iiipo, K, screwed into the lid, that is connected by a flexible 
tube, T, with one of the stop-cocks, s, of a mixed gas jet, as 
shown in the figure. The ingross-tuho is made somewhat conical 
inside, and the upper end is partially closed by a semi-oiroular 
dome, i>, that corresponds to the diameter of a email india-rubber 
(or hallow metal) b^l. When the gas passes from its reservoir 
into the ingress-tube, it drives the water before it, aud the ball 
to the angle of the tube, where it is stopped at its widest port, 
to allow of the gas passing round it and on to the lip-valvo, 
from whonee it passes through the water, out by the exit-tube, 
on to tho nozzle of the jet J. Should there by any acoident or 
mismanagement bo a greater pressure on one bag than on tho 
other, then the gases will bo driven back down that tube of tho 
jot connected with tho reservoir that is insnffioiently weighted, 
and on to the interceptor, the >vatcr in which cannot pass tho 
lip-valve unless it be out of order, in which case tho water 
would rise in the ingress^tube, l, and the float-boll would be 
carried upwards till blocked in the dome, n, of tho ball-valvo, 
when the further passage of gas or water towards tho jeopardised 
reservoir wonld be stopped ; or should the weights bo entirely 
removed from one bag, tiieu a “ suck-back ” action would take 
place as soon as tho bog, oto., was lightened, but tho ball wonld 
then bo sucked ni>wards towards the dome, and again etop the 
way. As Gurney's safety chamber was used in connection 
with one reservoir ‘containing tho mixed gases, tho contingency 
of unequal pressure was not provided for. As wo never know 
on whioh reservoir unequal pressure moy arise, both must bo 
fitted with an intercetitor, as shown in Fig. 72, and tho impossi¬ 
bility of on explosive mixture being found in the reservoirs in 
any dangerous quantity will be self-evident. 

Tfte Oxy-hydrngen Jet, wherein tho two gases stored in 
separate reservoirs ore mixed in a small ohambet just buforo 
they issue from tbo nozzle, is usually constructed on the typo 
shown in Fig. 73. Two separate tubes for conveying tho oxygon 
and hydrogen from their respective reservoirs are brazed into a 
oylindiiool chambor, wherein the gases are combined in proper 
proportion, by regulating the etoxi-oocks fitted to tho end of each 
tube. The lime-oylinder is adjustable to and fro by means of a 
spring stage that slides between the two delive^ tnb^ |nd is 
rotat^, raised, or depressed by means of a pin slidfEg in a 
spring tube. Sometimee the mixing chamber and sometimes 
the tabes are fiUed with Hemming’s safely acrangement. 
'Wben groat pressure is to bo used, as when the gases ore 

See Joufwat of Hu Fhotojrsjpbie Secisty, He. 214, Tol. XIT<, page 

208. 
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delirewd bom itont, hMnlr'Weiglitad guometen, etc., 
or tiu ooBdeased gM-bottlM) ilm ordswcy lina-pin mt»t 
ba lamovad, and the cylinder mnat ba moimtad on a lime- 
oloofc,” eo that isatoad of being toned oooaaionaTly by band, 
it may be rotated aotomatiotdly irith a oonatant upward 
motion, for the fcdlowing-reaaon—viz., if only turned from 
time to time by band, tbe limea would soon “pit" and 
throw the point of light out of proper fooal adjustment with 
the optical arrangement; for ao great is the pressure obtain¬ 
able with the condensed gas system, that I hare seen a 
spiral groove ont in hard limea, even while rotated by 
olo(^^. If such a jet of igni^ gases were left on one 
spot for a few minutes, the l^e-oylinder would most pro¬ 
bably oraok and fall to pieces, and oonae4]nently cause inter¬ 
ruption to the lecture or exhibition, or the ig¬ 
nited jet might be deflected from the pitted 
cavity baok on to the condensers of the lantern and 
crack them. H, on the other hand, the lime rotated 
downioords, the top of the cylinder might descend 
below the nossle before being noticed, and then a 
long pointed jet of the ignited gases would shoot 
over it and strike the l^k of the lantern, and if 
made of wood might set it on fire; whereas if the 
lime works wjpwcurdt, a proper adjustment of jet 
oaa be made with the upper end of tbe cylinder 
at starting, and thmi such an accident is provided 
against. Moreover, any cracks are left above 
the jet. Such are the usual arrangementa of the 
axy-hydre^en jet; but considering the accidents 
and ihortcominga the travelling lecturer has to 
provide aguna^ I have design^ a system that 
I term the “ convertible jet." As it may be used 
with a lime-<dook for high pressure or with a hand- 
rotating lime-pin (best suited for “soft limes," 
whidh should not be frequently turned) as on “ oxy- 
hydrogen jet," should one of the gas-bags break 
down, it may then be connected with Uie gas main, 
and be na^ as a “ oxy-honse-gas jet." Shonld 
neither house gas nor pure hydrogen be forthcoming, 
then instead dt being placed hors de eombat, it may 
be used as an “ oxy-ipirit jet,” so that it may be 
oonverted feom one arrangement to the other, 
aooording to requirement and the will of the ope¬ 
rator. This oontrivanoe was described in a paper 
on “Xantem Construction " read before the E^- 
buxgh Fhotographio Society, April 7th, 1869, and 
published in the Briiith Journal cf Photography, 

May 21st, 1869. 

Highley’o Ccnvortible Jet. —Commencing with the 
supporting-rod and clamp, I think I may safely say 
most workers must have experienced the diftonliy 
of firmly damping any ordinary form of burner or 
jet—that has, through its length, mueb leverage— 

'on to the thte rods usually attached to the lamp 
tray. To overoome this seiiona defect, I tried larger 
rods and powerful damps made on the French 
method for tdeeoopio joints, but with digbt advan- 
tege^ till 1 hit upon the simple plan of filing away 
the aide of the supporting-r^ opposite the thumb- 
sunnr, aothat two sh^ edges were left to bite on to the adjust¬ 
ing rod, as shows in Fig. 74; B being the rod, t the sliding tube 
wooing over it, and a the clamp-screw. The main portion of 
the jet is shown in Fig. 75; s being a sectional si^, and t 
a iap view of the dispodtion of tbe oxygen (o) and hydrogen 
(B) ddivety-tabes, the stop-cooks, nozzle, supporting-rod B, 
and damp o. The gas-tubes are free from all impediments of 
safefy dodges, 1 prefer a clear gangway, that sllowa of the 
nossle or tubM bdag freely got at if accidentally dogged with 
dust, eto., and pnt^g my de^denoe for safety on constant 
and eqnal presanrs, as previously advocated. The mixing 
bhambn is a modifieation of the arrangement previously shown 
in Fig? M, page Tbe tube that carries tbe nosde pulls 
off, so that coarse or fine bores can be fitted aooording to 
the mnoant of pressnre to be employed or special anangemant 
selooted. The bore of the nosde, in relation to the pr ess u re 
ewigHtyBdjfsa matter of impartKoae in the proper constraction of 
a ^jte'jfti^timlargeiihegaaiMrmtae and bum within tiie 
fiom& tobei, often causing a series dt sharp explosions, whiobi'if 


not dangerous, are unpleasant to the ears of a nervous exhibitor 
or of the audience. 

Fig. 76 shows the ordinary arm for supporting the iime-baB 
!•, whether the “ convertible jet" in employed for the “mixed 
gras " or “ oxy.house-gas " arrangement. The lime is supported 
Tgy a pin, p, long enough to hold two Umes, as shown in Fig. 77, 
for the purpose of keeping a reserve lime warm and reaty f<m 
action, should the one in uso crack; and is adjusted by a screw- 
pin, B, the support being clamped between the gras-tubes, B, O, 
by a nut, ir. 

Fig. 77 shows a lime-dock supported for the lime-ball L, that 
replaces the ordinary arm, if gpnat pressure is to be used, 
espedally when the condensed gas bo^es are to be employed. 
This is one-half the size of the ordinary or dd lime-doek, 
and is worked by a Spring and cog, instead of the 
catgut action. K represents the k^ of the lime- 
clock j and, to facilitate winding up without dis¬ 
turbing the adjustments of tho jet, t^ dock is sup¬ 
ported on a littlo tray, T, that is damped by a nut, n, 
between the gas-tnbw, H, o, so that it oaa be re- 
m 9 ved bodily from the lantern; the tray allows of 
the lime being adjusted nearer to or further from 
the nozzle for producing the best light attainable. 

Lime-tongs should be employed the removal of 
hot cracked lime-cylinders. 

Fig. 78 shows in section the spirit-lamp reservoir 
B, with the double wick, w, and the Umo and >!up> 
port, 1., 8, with the air-way, T f, for keeping the 
reservoir cool, that has been described in detdl iu 
the xntivions papers on this subject, and likewise 
can be adjust^ and olamped by a nut that slides 
between the gas-tubes, H, o. 'l^en this oxy-spirit 
jet is need, the stop-code d one tube is dosed, the 
other being connected with the oxygen reservoir; 
that gas being then projected from the nozzle on 
to the lime-cylinder. 

Fig. 79 shows this jet with the lime-pin in posi¬ 
tion for connection with a house supply, and a bag 
of oxygen weighted with 56 lb. or with both g;aaes 
in reservoirs each weighted with 112 lb., and fitted 
with an arrangement that allows of the lime being 
turned from outside tho lantern, so as to avoid the 
necessity of constantly opening and shutting the 
side door as is the case when the lime is turned 
by hand. This is effected in the following manner -. 
—It will be observed that the lime-pin, p, is attached 
to a stout tube, f, that can be work^ by a female 
screw, upward or downward on a coarse-threaded 
male screw, 6, fixed to the clamp, fitting with suffi¬ 
cient range to present in tom the entire surface of 
the lime-cylindor to tho nozzle J. To the tube r % 
small drum, w, is fixed; a similar drum, w, workt vp 
and down on a screw cut on the clamp-tube T, that 
slides over the supporting-rod b: a cord wound 
round the drum w, can be unwound by the rotation 
of the drum u’, and thus give the necessary motion 
to the lime from tbe baok of the lantern. To seouce 
a sufficient change of position from the spot where the 
ignited gases previously fell, without having to loc^ 
at the lime itself, tbe head of tho drum w is made square, i 
shown in the figure at a: all that is required is to tom round 
a fiat face of this square, till that which was at the baok stands 
to the side, and so on, every time the lime is seen to be pitted. 
This arrangement to a great extent obviates the necesi^fcr 
lime-clocks, a matter of consideration when jets are intraded 
for abroad, where it is not always possible to re{Mir suoh 
delicate arrangements. The oontrivanoe here deaoriW is not 
likely to get ont of order, but if so, it can readily be repaired, 
supposiBg always that the apporatua is tvirimUally niade in 
the first instance, and not in a cheap and tberefwe ahnost 
worthlesa manner; tot it must always be borne in mind that 
the best workmanship always proves the oheapest in the long 
run, and there is a wonderful difference between dny article 
being really (heap or simply low-prioed. Thiszemwkespeoially 
hedds good with snoh objects of manufaietare wbereoa hninain 
life may depend, whether it be a gun, a steam-boiler, or a gas-jet. 

. Lime-Ught Jet fitr 2>SMonstra<tcn.->-Tlu speotra of 

many bodies UMf be stown by ftudng mall qaa&titisa of material 
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Fig. 71. 
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ix a onp>il>aped oavlt^ worked in the top of a cylinder of lime, on 
whitdi tbe oay- b ydro g en jet can be directed, when placed in the 
foerw of a speotnua anaagement. ^e form of jet enited for 
titli po^^oae ii shown to 80. Ihls may often he need when 
the mcpenee and tronble of fitting up the olectrie lamp wonld be 
ineoarWent. 

' Limthl4ghi Lam$. far JUuminaUnff Jftueunu, «te .—^A etnmg 
feeling ie growing np that, our pnbUo mnsenms shonld be opened 
at night for wortoen and others who are confined to bnsinesB 
during the day, and the question has been several times dis- 
onsaed to Bsrlhment. Unquestionably any system that iuTolres 
the distribc^on <A gee-piping over public bnildings intended for 
■the eonserration of scientiAe or artistie treasures, is objection¬ 
able, on grounds quite distinct from the question of probable 
injn^ to pictures, etc., through fire; for in caso of a conflagra¬ 
tion, a train of fire is laid by means of the gas-pipes to extend the 
mischief, even though oasre may have been taken to guard against 
extension. How often has it happened (especially at our thea¬ 
tres) that the provisions made against fire have not been aoees- 
sible or are ont of order just when they were really needed. The 
ohoapest and safest ligU that could bo employed for lighting 
staentifio museums, and most probably art-galleries ako, would be 
a lime-light lamp, whereto the jets were fed by pure dry hydrogen 
and oxygen eondensed to the bottles previously desoribed at 
page 123, Fig. 61. A suitable form of standard lamp 1 designed 
for this purpose ie shown to Fig. 71, the gases from four noxxles, 
mailed 0, fed from the bottles, r, o, impinge on an automati- 
sally aeoending eyltoder ef lime, i<, which is covered by a tiiin 
metallio guard, b, the U^t being ^persed by a large gtonnd- 
gloM '* moon globe,*’ o a. This arrangement can be p^ed in 
positicm, and lemcwed at pleasure, and the gases being isolated, 
any aeoident, or extension of aeoident, would be impossible; for, 
as I baveiprevionely stated, (my oonflagratiou or explosion with 
snob bottles ie impossible, as could be readily tested at Woolwich 
or elsewhere. Eimh day the empty bottles could be replaced by 
fresh ones, and ae they wonld be enclosed, \inder lock and key, 
in the case of the standard, none but an apjminted attendant 
would have ocoesa to them. As the lime to simply rendered 
inoandeecent by ignited gasee that give off j«> injurious vapours, 
and the proooes to not one of ordinary oombustion, neither 
oorbouie arid, enlphnrio acid, nor sulphuretted hydrogen can be 
pxodnoed, ae to the ease of iUnmtoaticm by ordinary honee-gas. 
Ihe only doubtful question to, as to whether the sublimed ^e 
vaponr given off to small quimtitie$ during the period of 
igrition would to time exert an injurious infinenoe on oil paint¬ 
ings, eto., as the lime wonld be slowly distributed in impalpable 
powder titrough the atmosphere nnleea oarried off from a riosed 
globe by a speoial oontrivanoe. Such powder would be lime in 
a oaueto state, and this moreover would “ alack ” in a damp 
atmosphere, eo tiiat a lengthened series of experiments would 
be neoeesary before this arrangement eenld safely be employed 
to a piotore-galleiy with an open globe. From a sanitary point 
of view this wonld be a good arrangement for public rooms; for 
aa the tocandesoent lime takes all the oxygen it reqnirea &om 
the gas-bottiea, it in no way ahstraota oxygen from the air of 
the room xritioh it illumtoatae, or leaves an undue proportion of 
nitrogen, as to the case with the ordinary oombustion of honae- 
gM or ril-bumem, whiob, with oarbonio acid gas, another 
product ri their oombustion, tend to establiA a stifling 
atapwqrbere. Again, the hedt bam the lime-light speedily 
difbues Itself through tiie atmosphere in all duectione, and to 
murii less in .proportion than that given off from a series of 
bnmera that worid give an equal amount of iUntrunation. 
As .previously stated, wore there a demand, both pure hydro- 
gar and oxygen oould be produoed on a la:^ seals at a very 
oheop sate. 

SulmmfiM AtgM* cw employed lor diving operations, at¬ 
tracting fish at flahtog-stations, eto. Fig. 81 shows an aitaage- 
ment devised by Mr.'fitjrkea Ward. It oonetota of^a eerise ct 
eondeneed gaa-batttsst oonneotad witii a lime-light jet, enclosed 
under a double shade, the outer shads being provided to, 
keep t^ SMild water toom contact with the toner heaM one. A 
tow yesiii sinoe, I fitted w an eleotrio regulator 'on a similar 
jdaa for .a fishery ootaPMy* Ia either arrangement aa air- 
tai&e to act req<to«d, «e Uvhto are not dependent an the 
eydtoary-prqeeaB of . nowta iitl ^ ■ ■ 


rubber flexible tubing more lasting and free from the unpleasant 
smell ef the ordinary vulcanised rubber tubiag—whirii to always 
unpleasant to handle—and to man phable Ihra the xfld- f a ahto aed 
plidted tubing. When it has to be laid tot phrees yrhsn it to 
Biflyjeot to be trodden on, it should be used with a Qtixat 
wire ODte, as a preventive to the gaS being ptoohed off^ and tha 
light pnt ont. The Seimtific Amariean, ^ves a meihod for 
rendering gas-tubes impermeable^ and readertog any .eadape 
impossible. “ This can be done by giving the tubixi^ athin oo«rt> 
tog of a varnish made by dissolriag li parts of treacle and 
2 parts of gum arabie in 7 parts iff white wine and 2^ porta 
of strong alcohol. The treaolo and gum must first be dissolved 
in the beer or wine, and the aloohol must be addad vary 
slowly, coBstantiy stirring the mixture, or the gum will M 
thrown down.” 

If it be neoessary to eonneot pieoes tnbe so as to fbna 
greater lengths, this may be effected by "oonneating-pieoei” 
mode of brass tube, a shade larger than the bore of tto rubber 
tubing, their ends, on to which the two pieces of tnbe are sprung, 
being ribbed to eecnre a perfect fitting. 


FISH CULTTrRE.^T. 

By Gkeviug Fsimxuk 

ARTIFICIAL FISK CTTLTUBE AT RUmROUER. 

Tkx importance of fish oolture as a means of procuring cheap 
and wholesome food is now so universally recognised that we 
need make no apology for extending onr articlea on this subject, 
and noticing at as great a length as onr space will permit the 
efforts that have been mode, and are still making, by todi- 
vidnals as well aa sooieties, to bring fish into a closer riVahy 
with bntohers’ meat than it has totherto-attained. Among 
other societies and plooes where experimental fish onltnre to 
carried on, we Lave already mentioned tite grand' Franoh eidri>- 
Itohmontiri HuninEraen, but instead of grivtog the past history to 
detail of this important institntion, it will doubtless be more 
acoeptablo to employ our limited space with the last aooounte 
from that seat of piscionltnre, whioh we extract from the petition 
of the German Fishery Association of 13th of February last, to 
Count Bismarck. ' 

“ An establishment for axtifieial fish onltnre was founded by 
the Fmperor Louis Napoleon at Huntognen, on the Bhtoo, at a 
great expense, for the purpoee of re-storidng the French waters. 
Up to the present year the establishment has hatched out a large 
number of fish eggs, and has distributed them, both to publto 
waters and to private persons. Though the results, os for aa to 
known to the fishery Assooiation, have not entirely oorresponded 
with the great outlay, it nevertheless cannot be denied that the 
whole establishment, whioh to on an extensive scale, and ration¬ 
ally and properly managed, will he of great use to our riirers 
and watere. It to, unquestionably, to the intereet of the German 
fishery to maintain ttos eetabliriiment, and make it over to a 
Gennan management, whose object and oriltog must he the en- 
conragemeat of fish culture, the tooreastog and permanent 
multiplication of fish to all the German waters, and, natuzaJto, 
to speoially care for the Bhtoe and tributary rivers. It ike 
establishment and existing materials—Phased on the expeiimento 
whioh have been made to France, England, Sootiand, Ireland, 
and lattedy to Sweden and Norway, in this matter--«xe pro¬ 
perly used and Bapx>orted by the toohniori experience ohe can 
command for a aoientifie saperintendenoe of the operationa, 
Germany, rich to watere, bnt by its own fault poor to 
fidt, would vie easily with other countries to -tiie pn^Otton 
of- fish. To attain this it is neoessary to reform out very 
deficient laws to this respect, to raise np an totoeet for fiik 
cttltnre, to give tostruotion and all possible proteotion to tiiose 
who carry on anoh hatching'establtohmenta. Ike German Aaso- 
elation recognising this, has undertaken the task, and hopea 
to be aUq to xeokon on toe support of your ExaeQeiicy and the 
Qaiman Government,” eto. 

' -*‘The Shine,” says anotocr petition from and to the mme, 
‘f one of the most beantifnl rivers ill toe worl^ is spedally 
suitable, I 7 many iribntaiy riven^ tor tiia ^foduction of toe 
bettor fiak^r-nomely, toe aalmoa—A g r ee t qu^ta and quality. 
Tear by year .toe produce baa dimhiisbod, and aiu atbnqpta at 
fito>Aiitaiae->^e oMfitef etose toiiM;a»3 rimllar measurea—can 

iiwytwitaatfateea a oa d aiuireally 
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onrried. out by the whole territoiy of the river, and partioalarly 
at the montihs of the river. The states on the. river’s banks re- 
ooirnising this have entered into a treaty at Mannhoim on the 
27th Kovember, 1869, on the common regulations of tlie fishery 
in the Bhiue from Beale downwards. This treaty was laid 
before the representatives of the different states by the govom- 
mento, and was everywhere, even in the Pmssian Landtag, al¬ 
most unanimously aooopted, but was unfortunately rejected by 
the Butoh Lower House. In the discasaiona in Holland, the 
suitability and the neoessity of the regulations for the pro¬ 
tection of the fishery were acknowledged, even by many of the 
opponents of the treaty; but in this ease it was repugnant to 
the unjustifiable pride of the Butch to make restrictive regu¬ 
lations for Butch Bubjoets in oonsequenoo of a treaty with other 
states, and it was proposed to the government that the regula¬ 
tions of the treaty should be embodied in a law and again brought 
forward in this form. Hitherto, as far as the Fishery Association 
knows, this has not been done; and we therefore venture the 
request that your Excellency should urge this question through 
the German Ambassador, and demand of the Boyal Nothorland 
Government that it remedies the abuses which it bos itself ac¬ 
knowledged, through participation in the abovo-naiuod treaty. 
Should the Butch continue to fish as they do in late years, as, 
for instance, drawing nets through the river with small steam¬ 
boats, which entirely close it, and at times when the weak and 
half-sick salmon descend the river ; when with them there is no 
close time and partial freedom of the river given—there can bo 
no useful results to the Ehine fishery either from the estab¬ 
lishment at Hnningncn or the judicious administration of the 
water, and soon salmon will bo found in the zoological museums 
on the Khine, but no more in the Hhino itself,” etc. 

By a decree of his Excellency the Minister of Agriculture, wo 
further learn that “ the larger fish establishments of the province 
in the north can claim the public interest for themselves on the 
ground that they offer a valuable though not certain moans 
of preserving the riches of those waters in valuable fish, or to 
restore them. For these reasons I am inulincHl to subsidise the 
establishments, as far ns public means are disposable for the 
purpose ; only such grants must bo in a form and under con- 
dirions which in some respects ensure the intended common ob¬ 
ject. Therefore, the form to choose in preferonoo for the State 
grant, will be that the greater qnontitioB of the young—at least 
five months old—^Bhino salmon, salmon, and trout, be obtained 
for a moderate price in the current year, to be turned out direct 
into the waters. The receiving and the turning out of tho fish 
will be oonsoquently confided to an expert. It is scarcely to bo 
doubted that the management of the rearing employed, and 
particularly tho sort of nourishment which wiU be given to the 
young fish on the spaces of the establishments, is of important 
infiuonco in their power to maintain themselves when turned out 
in tho waters, and therefore particular regard will be paid, on the 
reception of the fish and settlement of the price, to a judicious 
course in roaring.” 

There are other govemmenta actively bestirring themselves 
in the practical development of fish culture, whilo England, ad¬ 
mitted to be tho most forward in its pursuit, is loft without 
other support than that derivable from tho purses and pnblio 
spirit of private persons. 

An importuit feature in the arrangements of tho establish- 
mente atHuninguon may not be passed over. Courses of rough 
stones and a due quantity of weed only line the hanks. Thus 
every stone becomes a moans of shelter and concealment. Tho 
adult trout have submerged holes and crevices made for a like 
purpose. This provision we have often insisted .upon in our 
trout streams, and even in our larger rivers; but for the most 
port BO obvious a necessity in aocordoneo with the nature and 
the habits of trout is strangely neglected. Thus, constant walking 
up and down tho bonks of a river in which there are no hiding- 
places for the fish will ohase and distress tho trout in the stream 
to an extent that wfll drive them into other more quiet waters, 
that have harbours of refuge, if they have any chance cf 
escaping. There should always exist hiding-places, particu¬ 
larly for trout. Boots of trees, large stones, under the aprons 
of weix and mill tails, and even eel and rat holes are all plaoes 
to which tront will rush whetf a sudden fall of water takes place 
or thqy are unduly disturbed. In a mill-tail on the Imhen, be¬ 
tween Twyford and Bishopstoke, in whiefa trout lay in abundance, 
tho water wae suddenly let off to about an inel; in depth; l^e 


tront were seen dashing here and there iridle the stream was 
enbsiding, and most of them made for the apron and the deeps 
below, bat upon examining three holee la the eand in the centre 
of the bed of the river, four fish of above a ponnd in weight 
were found in one hole, and three in each of the others. 


FARMING AND FARMING ECONOMY.—X. 

By Professor ’Wbiobtson, Itoyol Agricnltnml College, Clrenoeitar. 

BEAMS, PSAS, BTC. 

Lawson dosoribos eight varieties of field, and fourteen varieties 
of gfordon, beans. Restricting onrselves to the former blass, wo 
notice the following as among those most widely grown:— 

The common BeoUh, or Horae Bean, is ohnest the only sort 
enltivated in Scotland. The shape and colour vary with s^ and 
climate. It is f^nerally “ slightly irregularly compressed, and 
wrinkled on the sides, and frequently a little hollowed or flattened 
at tho>end ; of a whitish or light-brownish oolonr, occasionally 
interspersed with darker blotches, particularly towards the 
extremities; colour of the eye black; straw 3 to 5 feet in length ; 
average weight, 62 lb. per bushel.” ‘‘In a warm, dry summer, 
the sample is always more plump and white, i>aiticnlaxly if the 
harvest is also dry, and especially if enltivated on a strong day, 
and drilled instead of sown broadcast.” The great diversity is 
also owing to a mixture ef varieties, sown together, and recog¬ 
nised under a common name. That such a mixture exists U 
evident to any one who examines a field of these beans in full 
flower, when they will ho seen to present on infinite diversity in 
oolonr. Such differences are suificient to constitnte varieties, 
and therefore the seeds are more likely to vary than if tho 
flowers wore all the same. 

The common Tick Jiean is held in tho highest estimation in 
England. It is shorter in tho straw, and the seed is smsller, 
more cylindrical, and more rounded at the ends, than the last. 
It is also bettor ailapted to light soils. Harrow Ticks are still 
smaller and finer than common ticks, and besides these there ore 
JSsaeas Ticks, Flat Ticks, and French Ticks, which chiefly differ 
from common ticks in being suitable for special descriptions of 
boQ. 

Winter or Russian Beans constitute a well-defined variety, 
oharactorised by their hardihood, enabling them to stand tho 
rigonrs of winter, their shortness of straw, fineness of grain, and 
early period of ripening. This variety was introduced into 
England in 182S, and is considered by some agricnltnial writers 
to be identical with the Heligoland Bean (Lawson). 

Messrs. Baynhird, Caldicott, and Co.’s list of seed com for 
1871 indicates the following varieties to bo in demand;— Horse 
or Tick Bean, weight, 64 lb. per bushel; hardy and prolific. 
Cluster Beans, early and proliflo, and of fine quality, often 
weighing 68 lb. per bushel; straw short. Early Masagam. 
Bean, larger than the tick beau; stalk tall; requires good land, 
and is snitahle both for garden and field cnltw; weight per 
bnshel, abont 58 lb. Long Pod Beem, stalk stoat and tidl, 
grain large; comes lute to harvest. Broad Windsor Bean, ex¬ 
tensively enltivated in gardens, may bo grown as a fidd crop 
with advantage upon good land. Winter Bean may be sown in. 
Ootober, and will ,be ready for harvest by the end of Jidy. 

Besides these, Lawson dosoribos Pigeon Beans, an early, pro¬ 
lific dwarf, and small seeded variety; Purple Field Beans, a 
variety resembling winter beans; and tho Aleseandrian Field 
Bean, which grows about tho height of the common horse bean, 
bnt is later in ripening, and is of a dull reddish-brown oolonr. 

Beans are suitable for stiff olay soils', excepting winter beans, 
which may be grown snecessfuliy on ligh'terbnds. The Norfolk 
rotation may bo conveniently lengthened and modified by intro¬ 
ducing this crop into it. Thus half the barley land maybe 
seeded with clover, and half with beans, the result being that tho 
interval between clover crops is increased from four to eight 
years. In courses of cropping suitable for olay districts, beans 
always ooenpy an important place, very frequently preceding 
wheat, for wbiob they are an excellent preparation. (Sec Beta- 
tion of Crops, Yol. II., page 261). 0 « 

In some cases olay soils have been alternately planted with 
wheat and beans for a sneoession of years, and nnder certain 
oircumstanooB such a oourso may be followed with advantage. 
Those two crops are especially snitahle for stiff soils, while root- 
crops cannot be advontageonsly enltivated npon them. Bean 
onitivation allowa of a thorough system Of inta-tiUoge. While, 
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tbetefon, it enriohea the land for wheat, it also allowa of olean- 
iag opetationa beiag' oairied on, and henoe both the principal 
objeota at ooltiTation are attidned. Again, oropa are to be 
looked upon aa oxbanatiDg or renorating, according to the nae 
that ia no^e of them. Beans sold off premiaee of ooorae 
tend to drain the aoil of ita valnable plant-producing oonati- 
tnenta, but if fed on the farm in the form of bean-meal, and 
returned to the land, the aoil is benefited to much the same 
extent aa by a tnrnip-orop oonanmed ia yards. In this 
ease, wo should have a oonrao of cropping suitable to the 
natnral requirements of the land, while in the case of tumip- 
onltare we should ran into endlesa difficulties. The objects of the 
tasmei should be to obtain the largest amount of produce with 
the least expense, leaving the land in the best condition; and 
aa(fii a ayatem aa the almve would probably accomplish these 
objeota, with the help of efficient atMm tillage and a jndioioiu 
use of purchased nuuiaree. 

FBKFARJlTTON or the son., aOWINO, BTC. 

In the case of winter beans, the wheat or oat stubble ia 
grubbed, harrowed, and weeded. The weeds are carried off, or 
burnt and spread on the surface. Dung at the rate of from twelve 
to fifteen loads is carted and spread, and the land is ploughed 
4* or 5 inches deep. The beans are drilled in October, 2 to 
inchea deep, 18 to 24 inches apart between the rows, and at the 
rate of 21 bushels per acre. Should the land be clean, the pre¬ 
paratory work may be commenced with carting out manure on 
the untouched stubble. The cultivation of spring beans docs 
not differ materially from-that of winter beans, the land being 
similarly prepared and the seed sewn os early in the succeeding 
season aa convenient. Probably no crop has been cultivated 
in BO many different ways as beans. To give even a brief de¬ 
scription of each method would far exceed the limits of the 
present paper. We must thorefore be content with little more 
than naming the principal ones. BroadeaaHng on an ordinary 
ploughed farrow is to bo avoided as slovenly, and likely to end 
in the land becoming foul. Broadcasting on a ribbed surface 
—i.e., a surface raised into amallor or wider ridgelots, or drills, 
^ther with a small ribbing plough, or an or^nary plough— 
ia not objectionable, as the method allows of intwoulture. 
Drilling is perhaps the most widely-used method, the oonltora 
being placed from 18 to 24 inches apart. Beans are well 
adapted for dibbling, a process already described (see under 
Wheat, page 86 ). In Norfolk the land ia marked out with a 
drill, in rows 14 inches wide, and beans are dibbled along the 
tracks of the coulters at 4 b. per acre. In Holdemess, Tork- 
shire, the land ia winter ploughed, and in spring so lightly 
harrowed that the furrows are not obliterated. Beans are 
dibbled, one in each hole, in every aeam, or every alternate 
seam, or from 10 to 20 inches apart, and 5 or 3 inches apart m 
the rows, respectively. The ooat of this operation is 6 s. per acre. 
Beans are also ploughed in. They are deposited at the bottom 
of the farrow by ^e bean-barrow, which follows immediately 
behind, and ia attaohed to, a plough. The beans may be thus 
sown in every furrow, in alternate furrows, or in every third 
furrow. No crop is more auitable for a mixed system of culti¬ 
vation, Thus lb. Morten relates how ho grow carrots and beans 
in alternate rows for many years, wiHi snooess. Cabbages and 
turnips may also be pitted or sown between wide-drilled 
beans, and occupy the ground after the main crop has been 
han'eatod. 

Beans are occasionally “blended” with peas, and also with 
vetches. Both plans are excellent, oa t^ strong bean-stalk 
offers an excellent support to the weaker plant with which it is 
associated. In the case of peas we must nae the common grey 
field variety, <*>■» *>4 least, some kind which will ripen simul¬ 
taneously with the beans. Vetches intended for seed may be 
conveniently separated by means of a sieve after thrashing. 
During the droughty season of 1864, Mr. Mechi recommended 
beans to be out as a forage crop' and used aa a green food. 

AFTEa-C0I.TXVATION AND HABVESTINa. 

The Ater-cultivation of beans riiould bo vigorously puraued 
with both hand and horse hoes until the plant flowers, when 
working among them will do harm by knocking off the inoipiewt 
pods. Winter beans are ear^ ready for onftiag, while spring 
Mans an usually the last en^ harvested. 

Bsaas we rea^ to out iriton their haves talL Cnthng is 


effected by means of the reaping-machine or by the hook, and 
beans require a considerable time before they are fit to cart. 
Hie crop is rendered nnoertain through the attacks of the black 
dolphin (Aphis Fdbm), which frequently devastates bean-fields. 
The only remedy is to out off the tops, npon which the pest 
usually settloB, and to carry them away and bum or boxy them. 

PEAS. 

Peas axe divided into classes aooording to the colour of their 
flowers. In the first division the flower is whi£e, with white 
or bluish-coloured seeds, commonly known as garden peas. In 
the second we commonly find coloured flowers, and grey, dun, 
red, or speckled i>oas, commonly called field peas (Lawson). 
We have, therefore, here, aa ia beans, two sub-species, Ai-vense 
and Hortense, and there is also an intermediate class, Arvense 
vel Hortense. Among the numerous varieties reeommended for 
field cultivation we name the following:— 

^ Common,^ Orey Field Pea. —A late variety often sown in com¬ 
bination with beans on strong land; very prolific; straw forms 
excellent fodder. 

Early Qrey TTamtick, or Nimble Hog. —Pods often in pairs; 
length of haulm 2 or 3 feet; earlier than any other of our 
cultivated peas. Apt to bum up in dry seasons. 

Qrey Hastings. —Besembles the last; pods and straw are 
longer; ripens throe weeks later. 

Partridge or Maple. —Pods broad, and contain fivo to seven 
seeds of medium size, and of a yellowish-brown colour, speckled 
with darker brown, and with light-coloured eyes; average 
length of straw 4 feet. Earlier titan the last variety. 

Grey Rouncival, Qiani, or Dutch. —The tallest, latest, and 
largest field pea; length of haulm 6 to 8 feet. 

Winter Pea. —Hardy, standing tiio severest winters. Seeds 
very small and dark-coloured; straw about 4 feet long, small 
and hard. Bipens very early when sown in October, but is 
later than most other varieties if sown in March. 

In Messrs. Eaynbird’s lists for 1871, Early Dun, Winter, 
Maple, and Early Emperor are varieties advertised for sale. 

CtrLTTVATION, ETC. 

Peas arc more delicate than beans. They require a lighter 
soil, and grow best on lands of a calcareous character. They 
occupy a similar place in rotation with beans. A similar culti¬ 
vation to that recommended for beans vrill be found equally 
suitable for this crop. Peas are sown in March, either by the 
drill or broadcast, on a ribbed surface. Occasionally they are 
sown broadcast upon an ordinary furrow, a plan to be depre¬ 
cated, as causing land to become foul. About three bushels of 
seed is sufficient, and the distance apart between the rows vrill 
be from 10 to 12 andnp to 16 inohos. No crop is more un¬ 
certain than peas, and it is difficult te recommend any suitable 
manure for them except farm-yard dung. A case is rooended 
in which a groat effect was produced by the application of 
8 owt. of gypsum and 4 owt. of common srit to a failing crop of 
peas. Tl^ is scarcely to be wondered at when we remember 
the partiality of this plant for lime and limy soils. 

As many as sixty-two bushels of common grey peas have been 
grown. Foriy-oight bushels are a maximum crop in Essex; 
twenty-four bushels are a fair crop without manure, and twenty- 
eight a fair average with manure. In bad pea seasons, the 
yield vrill, on the best soils, not average twenty-four bushels per 
acre, while on the inferior classes it vrill not be more than tqnor 
twelve bushels per acre (J. Hannam in Morton’s “ Clyolopedia ”). 

Wo have endeavoured to present to our readers some of the 
mam foots regarding the principal cultivated crops. The 
study of each of those crops might have been approariied 
from a botanist’s, a chemist’s, or aa economist’s point of 
view; but the foregoing facts must commend themselveB to 
the farmer’s mind as important. The beat varieties, the soil 
suitable, the place in rotation, the preparation of the land, the 
planting, after-cultivation, harvesting, preparation, cost, and 
prodnoe of the crops are all essential, while questions of com¬ 
position of botanical differences, etc., however interesting, must 
be looked upon by the farmer as of secondary importance. 

Many other plwta occupy a place $n British agriculture, but 
the foregoing are those wUch are oo-extensive vrith our country. 
We therefore leave the oonaideratiAn of flax, hemp, hops, teazles, 
woad, madder, coriander and caraway seed, buckwheat, conaxy 
seed, etc., M soairody forming an intygtal part of our farming 
economy. 
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FORTIFICATION.—IX. 

BY AS OFPICBB OF THK BOTAI. KSaiNKEBB. 

DETAILS OF WOEKS. 

It ii obrions that the runs intended for the dofenoo of a work 
must either fire over the parapet or ttufongh openings made 
in it; and nntfl recently there have only been two arrange¬ 
ments by which this conld be effdoted—via., by embraanres or 
barbettes. Mortars were the only species of ordnance wluoh 
fired their projeotiles over the parapet without themselves being 
visible, and etposed to the enemy’s direct fire. The invention by 
Captain Moncriofif of a special carriage, which enables the guns 
to fire over the parapet en 
barhette and yet to descend to 
a position of socuriiy behind 
it while being loaded, seems to 
combine the advantages of 
both these methods, with but 
few of their defects, and there 
can be litUedoubtthatif some 
inexpensive arrangement can 
be devised, by which the or¬ 
dinary field or travelling gun- 
carriages can bo rapidly con¬ 
verted, so as to act on the 
MonoriefT ptinoiple, it will to 
a groat extent supersede in 
field-works thoothor methods 
referred to. 

Embrasures are openings 
made through the mass of 
the parapet, at such a level 
that the guns and 
gunners are com¬ 
pletely protected 
from the enemy’s 
direct fire, except 
nnch as may enter 
the work through 
the embrasure itself. 

To reduce the ohanco 
of this to a mini¬ 
mum, embrasures 
are made us small 
as is consistent with 
a sufficient lateral 
range for the guns, 
and the space that 
is necessary to pre¬ 
vent the destmotion 
of the revuted sides 
or cheeks of the om- 
brasure by the ex¬ 
plosion of thooharge. 

In the oceompany- 
ing diagram (Fig. 

63) the shapes of the ^ 

Torions typos of em- 
•brasprOB in eorth- 
works^e given, as 
well nithe namostond ordinary dimensions in foot and inohos of 
the most important parts. Their general plan is a funnel-shaped 
opening, df just snifioient size at the neck to admit the muzzle of a 
gun (2 feet), and gradually widening outwards to allow of the gun 
iieing traversed through a certain horizontal angle. It is readily 
-seen that the larger this angle is, the thinner and weaker the 
parapet becomes on either side of it; and the amount of protection 
afforded becomes very small indeed if the embrasures are very 
oblique to the parapet, or if the embrasure is nocesaorily large 
to enable the guns to follow with their fire objects moving 
rapidly past them. This latter is the cose with coast batteries, 
and it has been found so impraotiaablo to strengthen the weak 
points of embrasures of thia kind by any ordinary means, that’ 
iron shield are almost universally adopted, in spite of their 
great expense. Embrasures are said to be direct or ohUque 
when the centre line or directrix is at right angles, or dbUque 
to the o^st line of the work; and the terms sloping and cownUr- 
•loping s«o applied to indicate that in thefomer ease the bottom 


of the embrasure or sole slopes downwards, to admit of the gnn 
being fired at a depression, while in the latter the guns are 
only intended to flro at a high angle of elevation, and oouse- 
quently the sole slopes npwards from the mnzzle of the gun. 
This arrangement has the advantage of dim in is hi ng the size of 
the external opening or mouth of the embrasure, and may be 
advantageously used in batteries for bombarding towns, etc., 
where it is known from the commenoement that the guns ore 
only intended for distant fire. Countersloping embrasnres ore 
used for howitzers, which, from being very short, require in most 
cases more elevation than guns for corresponding ranges. The 
formation of embrasures in a parapet involves ilie removal of 

large quantities of earth from 
it, and its imwers of resist- 
anoe are consequently oon- 
siderably weakened. It there¬ 
fore is desirable not to place 
them as close to one smother 
os the guns might have been 
placed bad they been firing 
over the parapet. The actual 
8X>aoe required for each gnn 
and its detachment is 15 
feet, whereas guns in direot 
embrasures should not be loss 
than 18 feetapart from oontie 
to centre; and in oblique em¬ 
brasures not less than 22 
feet. The block of parapet 
between the embrasures is 
called a merlon (Fig. 62). 
The term gentmiUiere is ap¬ 
plied to that portion 
of the parapet be¬ 
tween the grennd or 
platform, and the 
sill of the embra¬ 
sure, or the edge 
formed by tbo inter¬ 
section of the sole 
with the interior 
slope. The field car¬ 
riages in the British 
service admit of 
guns being fired 
over a genoniUiero 3 
feet 6 inohes high, 
and for the garrison 
carriages 2 feet 3 
inohos is sufficient. 
In the Prussian ser¬ 
vice the guns can 
bo raised on tbeir 
ordinary oarrioges 
so os to fire at a 
height of from 5 to 
6 foot, thereby ob¬ 
viating the neooasity 
for an embrasure, or 
at all events a very 
shallow one will suffice. Embrasnres are liable to be destroyed 
or damaged both l>y the fire from without as well as by the dis¬ 
charge of their own guns, wliich sets fire to or bursts the gabions 
with which they are usually roveted (Fig. 04). Thia latter is a 
serious defect, and can only be mot by widening the embrasure 
Buffioiently just beyond the neck. . In siege batteries, where the 
guns are only required to fire in certain well-defined dircitiions, 
and whore, moreover, they are certain to bo opposed by an accu¬ 
rate fire, the external opening is made only 2 foot C inches wide, 
and as it approaches the mnzzle of the gnn opens out in a onrvo. 
This is called the oval embrasure. It is tedious to make, but 
stands fire well. The revetment is seourod from the oSogUsof 
the flume by a covering of prepared hides. Howitzers being so 
short that the explosion takes place inside the battery, vender 
it necessary to leave the neck of their ombrasnres unreveted at 
the natural slope of the soil. 

Barbettes ore raised platforms or mounds of earth on which 
the guns are worked, to to over the orest of the parapet. They 

, 65 



Pig. 62.— PLAN OP ONE OWN PORTION OP A COAST BATTERY, 
EARTHEN EUBRASUBB, AND IRON SHIELD. 

A, A, Shield and Supports, n, b. Iron Bneers on Onmite for traversing Gun. 

1 2 3 4; 



iiuftir UuUer 


Fig. 63.— EMBRASDBBB —1, 2, 3, DIRECT (1, OVAL ; 2, SLOPING ; 3, COUNTER- 
BLOPINU). 4. OBLIQUE. 



Fig. 64.— SECTION THROUGH A SLOPING GUN EMBRASURE IN A FIELD-WORK. 


TOL. in. 
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axe macle consequently in our serrioo 3 leot 6 incihos bdov the 
leyel of the crest. Th^ size is dependent on the number of guns 
for which they are required, a reotangular space 15 feet broad by 
20 feet long being allowed for each gun. When a gun is placed 
at the salient of a work, and intended to be used either to fire on 
the capital or at right angles to either face, care must be token 
that there is room for the gun in any of the three positions. 
Guns ora run on to tfao barbettes by means of ramps or inclined 
roadways, whiuh oto usually not loss than 8 foot brood, nor 
at a steeper slope than 1 in 6. They should bo placed on the 
side least exposed to 
fire. Barbettes haro 
the advantage that 
they enable '&o guns 
to cover with their 
fire a largo area \ but 
on the other hand the 
gun detachments and 
guns thomsolvoa are 
very much exposed, 
and nmst bo do- 
stroyod or silenood when an aeourato musketry fire is brought 
to boar on thorn. Perhaps the greatest example in Europe of 
the system of dofonco by barbettes is in tho new works at Ant¬ 
werp, whore almost tho whole of tho direct artillery dofoiico is 
arranged on this principle. 

Prom what haa boon said of tho relative advantages and 
defects of barbettes and embrasures, it will be seen that cither 
one or tho 
other must 
bo adopted, 
according 
to tbo oir- 
oumstauces 
of tho ease. 

The sa¬ 
lients of 
works seem 
the best 
positions 
from which 
todorivotho 
full odvan- 
^tagos of 
guns firing 
cn harbtUe; 

whereas, in tho flanks, whore groat lateral range is not required, 
and whore a direct artillery attack is not to bo feared, enibra- 
suTOH would appear to be most advantageous. Tho gunners 
working on a barbotto may be, to a certain extent, proloctod 
from fire by iucrcasing tho height of the parapet right and left 
of tho gun. An auxiliary parapet or traverse of this kind is 
called a bonneite. Tho mon working guns in embrasures may 
bo protected from mus¬ 
ketry flro and spUnlors 
of shells by manllets, 
which may either be a 
sort of shutter of wood 
plated with shtiet iron, 
wliioli 'is suspended or 
pivoted on a bar rmming 
across tbo top of tho 
embrasure; or may bo 

made qf two or throe thioknessos of ropo sewn together, to 
form a sort of curiain or flap, which is only raised when the gun 
is ready to fire. Mantlets «f tliis kind wero used by tho Ens- 
sinns in the defonoo of the a-orks at Sebastopol; but there tho 
gun fired through a small port in tho mantlet itself, which did 
not move. 

In coast batteries, an ordinary type of which is given in 
Pig. 65, tho works are of a permanent nature, and are armed 
iKtkitho heaviest artillery. They have to cope with a sudden, 
and perhaps concentrated fire from ships moving r^idly past 
thorn, and firing as heavy and probably more shots por minute 
fham the batte^. Under these circumstances the only ^van¬ 
tages possessed by the baitaty arc, that its guns ore Airing from 
a stea^ platform, and that, u properly oonstcuoted, it does not 
«aSer to .much damage when hit as it infiiots on thq vessels. 


What is more to bo apprehended than the actual dismounting 
of tho guns by the enemy’s fire (wbidh is probably not very aoon- 
rato) is, that some of their diells will burst in the battery, and 
either effeot tho explosion of tho magazines, the doors or win¬ 
dows of which must at such times be open to supply ammunition; 
or cause to explode by noncussion or some other way tho num¬ 
bers of largo shells full of powder, which are ploo^ close to 
oaoh gun for use. Every endeavour therefore must be mode 
to ensure a rapid and secure means of supplying powder, sheUs, 
eto., to the guns, while tho guns themselves must bo isolated 

from one another, 
lost on explosion or 
catastrophe happen¬ 
ing to one of them 
should bo fatal to 
tho rust of the bat¬ 
tery. To effeot tlieso 
objects:— 

1, The guns ore 
placed much farther 
apart, and tlio mer¬ 
lons are eonsoqucntly .oonsiilerably thicker than in field-works. 

2. Tho merlons aro coiitiimed inwards (Pig. 62), so us to 
fr.rm a traverse between oiich gun. Every third morion (i.c., 
for each pair of gnns) is made longer than the others, and con¬ 
tains a bomb-proof magazine and room for filling shelis. Tho 
shells are delivered at the guns or near them throngh windows 
in these rooms; tho charges of powder being eorvod out in a 

Boparato 
room, and 
brought ui> 
from tho 

St , end of tho 

, traverse. 

irinBPu't. g 

weak part 



Fig. 66.—SECTION SHOWINO 


THE AMOUNT OF PKOTliOTION APFOUDF.D BY THE FARATET TO GUNS 
MOUNTED ON MONOUIEFF CAKBIAGES. 



of the em¬ 
brasure is 
strengthen¬ 
ed b .V a 
wr ought- 
iron wall or 
shield, os 
high os tho 
parapet, 
and of sufii- 

eioiii thickno.s.s to withstand direct fire. This shield is sup¬ 
ported right and left of tho gun by two largo wrought-iron 
A-sliapod braokets, and Uie gnu fires through a porthole only 
just largo enough to admit tho muzzle and allow of aim being 
taken. Tlie sldos of tho morion inside tho battery ore reveted 
with masonry, and arrangements are mode by which n tem¬ 
porary roof of iron girders, roils, earth, etc., can bo constructed 

when on attack is ex¬ 
pected. This roof is not 
absolutely necessary, Imt 
would doubtless afford 
protection from the splin¬ 
ters of shells, wh^ burst 
high and over tbj|brout of 
tho battery. Of oonrso it 
must not be supposed 
that tliose details arc to 
bo found in exactly tbo ordor here deaoribod in many batteries, 
as the important items of oxi)en8e and available space will gene¬ 
rally bo found to modify some of them. 

The general idea of tho mode of placing guns on Monorioffi 
carriagoB behind parapets is shown in Fig. 66, and thero is 
no doubt that it is admirably adapted to the ciroamstauoes of 
coast batteries, which have just been sketched out. It enables 
the gnn to fire ea harbetie, and therefore, if mounted on a 
circular racer, it may follow a ship tlirough any required arc, as 
is done in tho case of guns mounted in a turret or cupola. As 
the gnn is only visible above the parapet for a few seconds, it 
is not likely to be dismounted during that time by the neces¬ 
sarily somewhat random shooting of guns on suoh on nnsteady 
platform as a ship’s .deck. The parapet behind which it works 
need not be of any groat height above the ground level, or 
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afford a lar^e target for the enemy to fire at. It therefore ie a what he colled a difference engine,1 and ho planned and demon- 
most nsefnl and admirable invention, peculiarly applicable strated the proctioability of an oualytioal engine also. It ia 
andor certain eironnistanooa; but it is not, however, ao appli- diificult, perhaps, to make the nature of auoh abstruse inven- 
cablo, simple, and inexpensive, or ao absolutely safe from flro tiona at all clear to the popular and- unteohnical reader, since 
as might at feat sight bo imagined. Hie oaryiago is of wrought Dr. Lardnor,* no unskilful hand at mechanical description, 
iron, and necessarily strong and very heavy; this involves the filled no loss than twenty-live pages of the Edinburgh Review 
necessity for a firm, well-b^t, permanent foundation. To pro- with bnt a partml account of its action, oonfeaaing that there 
toot the gun when in the loading position the height of the wore many features which it was hopeless to describe effectively 
covering parapet above the platform or racer must bo 10 without the aid of a mass of diagrams. All that can here 
or 11 feet, with a reveted interior slope; and this is only be said of the machine is that the process of addition 

of use ao long as the weak part of the parapet near the automatically performed is at the root of it. In nearly all 

crust ia not blown away, an event that would easily be accom- tables of numbers there will bo a law of order in the differences 
pliahed by one or two large sheila atriking the superior slope, between each number and the next, h'or instance, in a column 
about 8 or 10 foot from the Croat. It becomes nooossary, tlicre- of square numbers—say, 0, 1C, 25, 3C, 4S». tit, 81, etc.—the ano- 
foro, to greatly strengthen this part by masonry, ooucrotu, or ceasivo differences will bo 7, 9, 11, 13, 15, 17, etc. These ore 
iron, the latter being the only really reliable material, bnt differonoes of the first order. If, then, the process of diflereno- 
cnotmoualy oxi)ensivo. • If the level of the crest is really made | ing be repeated witli thoae, wo arrive at a remarkably simple 
close to the ground lino, and the gun works in what sounds so j scries of numbers—to wit, 2, 2, 2, 2, etc. And into some sneh 
simple, a mere gun-pit, elaborate arrangements must be made j simple series moat tables resolve themselves when they are 

for drainage of it, and for the magazines and shell rooms it ■ analysed into orders of difforenocs; an element—an atom, ao to 

requires, the floors of which would bo far below the ground level, j speak—is arrived at, from which by oonaUuit addition the unm- 
Tlioro fcan bo no doubt that where the defence must depend on ; bers in ihe tabic may be formed. It was the function of Mr. 
the action of a few powerful guns, they can best bo rendoted Uabbage’s machine to jicrform this addition of differencea by 
moat formidable by being placed iu a revolving iron turret, cumbiiiations of wheels acting upon each other in an order 
which ia shot-proof, and consequently only lialdc to damage by determined by a preliminary adjustment. This working by 
some accident which proventa ihe turret from turning. Those, difCereuccs gave it the name of the difference engine,” 
howovw, are so expensive that they eon only ho employed in It is wort.li while to recapitulate the progress (rf the engine, 
the most important cases, and in others, where the same results | Tlie Treasury, in 1823, granti'd Mr. llahbage XT,,500 to make the 
arc wanted, bnt the money is not forthcoming, the Moncrieff machine, which was, from time to time, voted in payment for 
system will nndonbtodly often bo a valuable substitute. The material and hibour. Five ycurs passed, and the Government 
foregoing remarks apply oidy to the Moncrieff system os cm- grow anxions. Another commiitei! of scientific men was 
ployed in coast and pcrmsuient batteries; for as no details of his appointed. Their verdict was. in effect, “ Go on—give more 
scheme for field carriages have as yet been adopted in our ser- money; the thing must answer.” More montiy wus iidvaneed. 


vice, the arnuigcmonts of the works to suit them are unde- j In 1820 the Government hatl given J23,000, while il.OOq had 

velopod. _ _ I been privately spent by Mr. Dabbage oii the machine. It was 

1 estimated that .£1,001* more wouhl complete the work; tuid of 
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XXVI.—CHABLES BABBAGE, P.U.S. (conliiiwd). 

BY JOHN TIMBS. 

At length, in November, 1812, Mr. Babbage received a letter 
from the Chancellor of the Exiibcqner, stating that Mir Bohert 
Peel and himself had jointly and very reluctantly come to the 
conclusion that it was the duty of the Government, on tlic 
gronnd of expense, to abandon the foiihcr conslmction of 
the difference enguie. The same letter likeivise ccutuinod a 
proposal to Mr. Babbage, on the part of the Govummeut, tluit 
he should accept the wholo of Uio drawings, togoGicr with 
the part of the ongino already oonipletod, as well us the 
materials in a state of preparation. Tliis proposition ho firmly 
doclineil. (Abridged from “ Taylor’s Scientific Memoirs,’' 
Vol. III., Part 12, tlio taels from authority.) The Govommenl, 
however, abandoned the completion of the work. Tlio late 
Lord Bosso, on leaving the chair of 'the Boyal Society, entered 
a just protest, in the name of the loading savants of England, 
against the injndicions parsimony displayed by the Government 
in this matter. In Juno, 1843, the iiortion of the difforonco 
* engine, as it existed, was placed in the Museum of King’s Col- 
loge, Somerset House, His Boyal Highuoss Prince Albert being 
present. “The portiou of flic ongino was in order, and was 
capable of calculating to five figures, and two orders of diffor- 


this sum, ail bnt a few hundreds, was voted. In anotlier year, 
another committee was appoinicd. Their report again expressed 
admiration, satisfaotion, and reliance upon ultimate success, and 
j ailvisod the erection of a workshop close to Mr. Babbage’s house, 
that the work might be hastened by his constant supervision. 
For this and the completion of the machine, from J:8,000 to 
A;12,000 wfis roquired; and this was to be in yearly sums of 
ulsmt a fourth of the amount. The bnilding was erected, the 
work was roeommenoed in 1831 (when the total e.vpoiiditure rose 
to jC 17,000), and came to a stuiipugo. This susiieusion was not 
fully explained at the time it took plaeo; but tho mysUiry in 
which it was shrouded has been thus explained in iho *' Dic¬ 
tionary of Univor.sal Biography:”—“In spite of the favourable 
report of a comiulssiou appointed to inquire into tlio matter, 
the Government were led by two cireuinstanecs to hesitate about 
proceeding further. Firstly, Mr. Clouiunts, the rtigineer or 
maeJiinist employed as his eutlnboralrur, suddenly withdrew all 
his skilled workmen from tho work, and, what was worse, 
removed all tho valuable tools whioh had been employed upon 
it.” This acf is jiisllfied os strictly logiil by Mr. Weld, in his 
“History of tho Boyal Society,” though the tools them8elv6s 
had been made at tho joint exponso of Mr. Babbago and tho 
Treasury. “ Secondly,'’ say.s tho aforesaid authority, “ the idea 
of tho analytieal engine one that absorbed oitd contained 
as a small part of itself tho difforonco engine—arose before 


enoes, at tho rate of twelve or fourteen arguments and corre¬ 
sponding tabular numbers per minute; and neither the number 
of orders of difforenocs, nor the number of digits, wt aid moke 
any differonoo in its rate of work. Without numerous earefully 
lettered and figured mechanical drawings, it would be impossible, 
to deaoribe tho olaborato mechanism of this engine; it has, 
indeed, been found impossible for one oompetont tnoch.i,nie, who 
has fully mastered every portion, to explain tho matsl ine itself 
to another equally competent mcohanio writbout Dio devotiofl-of 
a oonsiderable time.” Such was tho outline of tho engine with 
which we were favoured b^ Mr. William Gravatt, F.B.S., in 
I860, for our “ Stories of Inventions and Disoovories,” Avith an 
engraving of a small portion of the differonoo cugiuo drawn by 
B. H. Babbage; the illustration being kindly afforded by Mr. 
Babbage, tho inventor. 

following details are from Diq TKmes, Nov. 4, 1871:— 
«. Babbage’s aohievements hero were twofold; ho constructod 


• Dr. l.zrducr, in a loctui-e delivered at tho Eojnl luslitutioii. 
May 2, 1831, gave the luUowiug outliiio ot tho engine . - “ Tlie front 
elevation will present seven npriglit columns, eurli coiii-istiiig o( 
eighteen cages of wheelwork, tho meohauisin iu eueh cage U-iug idcu- 
tioally tho same, and consisting of two parts, one capable uf traus- 
luitting addition from tho left to the right, and the nthi r capnhle of 
tRinsmitting tho procuss ot carrying upwards; for it uj>pesirK tliat all 
ealeulatioua arc, by tliis machioory, reduoed to the process bf addition. 

I Thero will, tliorofore, he 136 repetitions of tho same tiaiu of wheelwork, 
uacli acting upon the other, and theproooss of aihlltioii with tho i^i that 
would 1)0 going on successively from figure to figure, will hero ho per- 
fuimod EimultaneoUBly, and, as tho mechanism cannot err, with unfail¬ 
ing a<-rnracy. The results of this calculating meahaniam arc Imn^- 
fcrretl hy proper moohanicol ineaiia to tho printing inaqhinory, their 
types arc moved by wheelwork, and hronglit successively lute proirer 
position to leave their iinprsssions on a plate of copper; which copiior 
serves as n mould from which stereotyped plates, without limit, may 
he taken." 
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Ur. Babbago.” Of oourso ho ooiild not help the fact that, in 
aneh mattera, when one groat victory waa aoUeved, another and 
■till greater battle remained to be faced and fought, lint no 
aooner did Mr. Babbage, like an honeot man, oommunicate the 
fact to the Cbvomraent than the then Miniaters, with Sir Robert 
Peel and Mr. H. Gonlbnm at the head of the Treasury, took 
alarm, and, soared at the prospect of untold expenses before 
them, resolved to abandon the enterprise. Mr. Babbage, apart 
from all help of any kind vrhatover from the public purse, had 
■pent upon his machine, as a pet hobby, no small part of his 
private fortune—a sum which has been variously estimated 
between ^66,000 and .£17,000. (Times.) 

A oontemporary, in a glance at the merits of Mr. Babbage’s 
great invention, remarks! “ The scienoo of numbers, to which he 
devoted his days, could never, from the very natnm of the case, 
bo made popular. Arithmetical calculations most nocossarily 
be uninteresting to tho multitude, but when people were told 
that a nmohine had been invented for working out these oalou- 
lationa by moans of wheels, or watchwork, tho idea was at 
onoo oomprehensiblo and marvellous. In reality, ‘Babbage’s 
■moehine* soarooly admits of simple and popular description, 
but the more fact that inanimate metal could be made to per¬ 
form tho subtle work ef man’s brain came homo to tho pnblio 
mind as a thing to he remembered for ever. There was truth, 
too, in the story. Though Mr. Babbage’s instrument was repu¬ 
diated by tho 'I'reasnry, the idea of STioh a maohino in a more 
manageable form has since been turned to account, and utiHsud 
in Government offices." 

From reading the account of the differenoo engine in tho 
Edinburgh Retiicw, Mr. George Behouts, then editor of a toohno- 
logioal journal in Btockholra, was so fascinated with tho subject, 
that ho sot about oonstructing a tnaehino for tbo same purpose 
as that of Mr. Babbage—namely, that of aUculating and 
rimultaneously printing iinmerinal tables; but, after satisfying 
himself of the practicability of tho sobomn, and constructing 
models, he relinquished the design. Next, his son, Mr. Kdward 
Sohouts, being provided with a work-room in his father’s house, 
as well as a lathe, and other tools, eoiistruetod a working model 
in metal. Thp father now applied to tho Swedish Govorninont 
for aid, but was refused. Tho father and tho son then worked 
together, until, hoooming exhausted by sacrifteos for tho jmr- 
ohase of materials and tools, yet convinced that with bettor 
workmanship a more porfoot instrument was within their roach, 
they again applied for assistance to tho Diet of Bweden. Tho 
eonditions, however, on which tho Diet consented to advance 
about ^280 were so stringent that the Messrs. Sebeutz re- 
xiouuood the work, and the model remained shut up in its case 
during seven years. They then obtained a pittanco from tho 
Diet, and after working day and night, completed tho machine, 
when the Swedish Government rewarded tho inventors with 
JC280. Tho new engine performed its work perfectly, and in 
1854 the inventors brought their maohino to Lradon, whore Mr. 
Giavatt explained it to the Royal Society, and next to the Great 
Exhibition in Paris, whore a jury unanimously awarded to it a 
gold modal. “Tho Emperor Napoleon,’’ says Mr. Babbage, 
“ true to tho inspirations of his own genius, and to the policy of 
. his dynasty, caused the Swedish engine to bo deposited in the 
Imperial Observatory at Paris, and to bo placed at tho disposal 
of the Board of Ijongitude.” In 1856, Mr. £. Sohontz brought 
tho maohino from Paris to London, whore it was sot to wort in 
an apartment of Mr. Gravatt’s house, in Westminster. In 1856, 
Mr. Babbage, in some observations which ho addressed to tho 
Boyal Society, explained that tho adding part was entirely dif¬ 
ferent from his own, as well as tiie mechanism for carrying the 
tensand that Uie printing part was altogether unlike. The 
oontrivanoo by whioh tho onmimted results are convoyed to tho 
printing apparatus^ is the same in both engines, being that 
known as “ the snail ’' in the striking part of tho oommon eight- 
day olook. One of Bohentz' difference oniipneB, made by Me.ssrs. 
Donkin for the English Government, is (we believe) now worked 
itt tto Bagistrar-Goneral’s Office in Somerset House. 

_ OT the analytioal machine, the properly qualified mathema- 
tioian will find and appreeiate a paper by General Monabrea, of 
Turin, translated by the aoeompUshed Iiady Lovolaoo, daughter 
of Lord Byron ; “ the profound, lumumns, arid elegant notes 
forming tho larger and by far tho most instmetive part of the 
storks and signed A. A. L., are all by that lamented lady.’ ’ 
*' We bave heaird Mr. Babbage say that be could. 


oonstruot a machine on the principles of bis analytioal engine, 
whioh should play and win a game of chess.’’— Athenamm. 

Many years age, Mr. Babbage printed and cironlated sugges¬ 
tions for “ Oenstants of Nature and Art,” to form a great ool- 
leotion of facts whioh can be expressed by numbers, in tho 
various soionoes and arts. In 1855 he proposed a method of 
laying the guns of a battery without exposing tho men to the 
fire of tho enemy; and in the same year he suggested the appli¬ 
cation of ocoultiug Ughts to military operations eonduoted iu 
tho night. 

Mr. Babbage expired on the 20th of October,,1871, bmug nearly 
eighty years of age. He was one of tbo oldest members of the 
Royal Sooiety at the time of his death. He was one of tho only 
survivors of tho founders of tho Astronomioal Sooiety of Lon¬ 
don ; and the only survivor of the founders of the Statistiool 
Society of London, tho meetings of whioh he attended to tho 
last. Throughout bis long life, be bore his defeats and dis¬ 
appointments from all quarteie with true philosophy, save in 
some oases of vulgar anuoyanco. But be was, as our own expo- 
rienoo proved, a man of generous nature, loving to indulge in 
kindly offioos, and widely esteemed for qualities beyond bis 
brilliant sciontifie renown. 


CIVIL ENGINEERING.—XV. 

BY U. a. BSBTHOBOUSW, C.B., K.S.X. 

BBEACWATEBS (conttiMMd). 

Thb material of whioh tho breakwater at Portland is con¬ 
structed is, as might be supposed, mainly derived from the 
adjacent quarries on the island. The stone is oolite, abounding 
in fossils, and admirably adapted for the purpose. Thu mode 
of working tho stouo in the quarries is peculiar to tho placi;. 
Tho stonn lies in beds nearly parallol with the snrfaco of tho 
land. Tbo bods vary iu thickness from 2 to 4 feet and up¬ 
wards, and are covorod with a stratum termed, locally, a “cu]).’’ 
Tho capping is formed of shells in a fossil state, tho ammonites 
being of groat size ; it is very hard, and is usually detached by 
blasting. After the cap is removed tho qnarrymen proceed to 
cross-cut the largo flats whioh are hud bare with wedges, and 
split it off in musses. The blocks so split off are by no moans 
evon iu surface, and tbo men reduce it to something of a 
regular shape with .a tool called a “kevol,” whioh is at one 
end a hammer and at the other an axe, liaving a short and 
narrow edge like a pick. Tho face of the hammer is not quite 
flat, but slightly hollowed out, by whiok moans a rather sharper 
otigo is secured; and it is surprising with what facility tho 
stone is worked with this tool, and ‘what largo masses, called 
“ spawls ” or “ shivers,"” are brought off at each stroke. The 
steiie employed in tho construction of the breakwater was 
wholly wrought by convict labour obtained from tho prison 
situated on tho island. It was brought down to the work by a 
scries of three inclined planes famished with rails, and worked 
in the usual manner by ropos passing over drums, having power¬ 
ful breaks fixed to them. Tho loaded wagons in their descant 
draw up tho empty ones. 'This very usual method of conveying 
heavy material from a higher to a lower level is by far tho 
most economical plan that cun be adopted. It is, of eonrso, 
only applicable in those localities whore the work to be carried 
out lies at the bottom of the incHue, and the souroe of supply 
at tho top. The aotual dead weight of any load upon an in¬ 
cline, sotting aside friction, may bo represented by the frac¬ 
tion _-, the quotient being in pounds pet ton. 

rate of gradient 

Thus, if a loaded truck weigh 8 tons, its deed weight, friction 
exoludod, upon an iuclino of 1 in 20 will be lb.~896 Ih. 

Again, suppose the empty truok upon a similar incline to 
weigh 1 ton; then its dead weight, friotion exoludod, will he 
2240 y 1 

—ss-lb. Now, if we oonsider the friotion duo to 

tho trucks and the rollers over which the rope passes, as equiva¬ 
lent to 20 per cent, of the load, we obtain as tiie effective dead 

weight of the descending load 896 -112 + - =®831h.. 

5 

which represents the entire foroe to be oveioome by break 
power in lowering a load of 8 tons down auoh oat ineline. 
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Of oontW) nuuij nudined pknes aie greatly steeper than 1 in 20, 
in vhidi ease tbe power to be overoome will be proportionately 
inoreoeed, iMoauee the divieor beoomea emaller and the friction 
lesB. it is obvions that where gravity is the motive force 
employed, oMld the mechanical arrangement of the break ia good, 
it beoomea an exoeedingly efficient and inexpensive method of 
convoying the material to the work. 

At Portland, as soon as the loaded trucks arrive at the level 
of the work, they are transported by locomotive engines miiniug 
npon rails, supportod by timber stages resting npon piles driven 
30 feet apart, and standing 18 feet above high water. The piles 
are in two pieces, made of timber IS inches square, scarfed and 
bolted together. The bottoms terminate in a cast-iron shoe 
fitted with a Mitchell’s patent screw. The entire piles arc 
from 00 feet to 90 feet long, and are forced from 4 to 5 foot 
into the ground by powerful capstans. Tho spread of the screw 
prevents any gtteat settlement into tho soil, notwithstanding the 
weight of the engines and the loaded wagons continually 
passing over them. One form of screw-pile is shown in Fig. 30. 

Tho spread from A to b varies with the re- 
qniremonts of tile cose from 1 to 4 feet. We 
I! shall have another occasion to refer to tho use 

Ij llH of those important instruments. 

' 9 moons of five lines of roils—the number 

! I'M laid down on tho Portland Jlreokwater — as 
; ijl much as 2,2U0 tons of matoriais cun bo de- 

I ill livorod daily. Tho “ tipping ” or discharge of 

i ill rubble is accomplished by moans of a 

wooden com or stud fixed to tho rails at tho 
4v0Jig™Tp*®’®dc8ired point. A lever attached to the under 
side of the wagon strikes this in passing, and 
dotoohos tho key which retains the bottom of 
tho wagon in its place ; this turns upon a 
Fig. as. pivot, and tlio momentum acquired by the 
wagon causes it to “ cant ” when suddenly 
arrested in its prugcoss, and thus omptins itself of its load. 
Tho inside end is the heavier; as soon, therefore, as tho load 
is diseharged, the pivoted portion recovers its horizontal 
position. As the work progresses the cam is moved further 
on. Tho wagons ore of wrought iron, and can load seven 
tons of stone. Tho weight of tho stone in tho solid block 
averages 16 fool cube to tho ton, and when deposited in tho 
base of tho work as pierre perdue occupies from 20 to 21 feet 
cube of space. 

Tho slope on the sea front is 5'5 to 1, The pier-heads are 
circular, 100 feet In diameter, cosed with vertioal wiiUs of solid 
masonry 22 feet thiok at base, and 12 foot thick at tup. The 
interior spaoo is filled in solidly with rabble, and grouted. The 
heads are built' npon a foundation of rubble brought np to 
within 24 feet of low water, surmounted by a oonrsing of 'York- 
shire stone 12 inches thiok, which covers tho entire horizontal 
face of the rubble. The vertical walls have an exterior easing 
of granite laid in courses 5 feet wide and 3 feet thiok, backed 
wi& Portland stone, the whole being bonded and dowelled 
together, vertioally and horizontally. Tho blocks ore set by 
moans of travelling cranes working upon the upper stages, and 
regnlated in their position beneath tho water by divers. 

. The advantages arising from the open space which has boon 
left in this long line of breakwater are very apparent; for, whilst 
the pressnre (rf water resalting from a diffierenoe of level upon 
one Bide or the other, according as to whether the tide is ebbing 
or flowingi, is effeotnally rednooid by tho water-way thus afforded, 
my waves which may enter produce only a very slight and 
immaterial offeot upon the enlarged space of the roadstead 
within. 

A few partioulaia respecting the harbour at Bamsgate, which 
is formed by endosing a space of exposed water by piers or 
^icakwaters, may not be uninteresting. The dangerous 
chuaoter of the coast in this viomity, and the large amount of 
■hipping which frequents this part of the Channel, rendered tho 
eenabmetian of a hubour of refuge at this point a matter of 
abaolnte neeessil^. Even the reign of Edward VX an at- 
^*mpt was made to oonstmot a horbrar between Sandwich and 
9andown Ontie. Tins horbonr consisted of a canal, traces of 
^^>ich yet remain. In 1S74 Elisabeth appointed a commission 
te inquire into iffie sahject, and in 1706 a plan was made for a 
between Bandwioib and the Downs. The proposal for a 
^*nal at Sandwlab was revived in 1737| tiie fonner one having 


booomo nseless. Smeaton always advocated Somsgato as the 
I most snitablo locality for a hartour, tho long stretch of coast 
between Newhaven and tho North Foreland alfording no natural 
break whioh oonld bo turned to practical aooonnt as snob. Jf, 
therefore, a harbonr were to be formed between these points, it 
could only bo by tho projection of piers or breakwaters into tho 
Channel to a distance sufficient to ensure a snitablo depth of 
water at tho entrance at certain periods of tide. 

For many years provions to the period when Smeaton’s ad¬ 
vice was sought in 1774, a small haven liad existed at Bamsgate, 
snitablo, however, only fm* fishing-boats; and indeed so early as 
1750 on extension of this harbour had been commenced by the 
projection of two curved arms or breakwaters, but the great 
and persistent silting up of the entrance by sand rendered it of 
little practical value. Those extensions naiitinnod to advance 
for twenty years, and consisted of a wooden pier upon tho west 
side and a stone pier upon tho east side, each having been de¬ 
signed and carried out by separate engineers, or rather 
amateurs. After a conrso nearly due south, these piers gra¬ 
dually bend towards each other, until a co)itractcd entrance is 
formed having a bearing slightly to the west of south, w itli an 
overlap upon the east side. Tho serious difficulty arising from 
the accumulation of sand within the harbour was erurcomo by 
tho genius of Smeaton, who found that tho sand entered with 
every tide, and became deposited in the still water within the 
piers. He therefore constructed an artificial back-water—there 
being no huid-wator available—^which could bo retained by 
sluices until tho favourable period for releasing it had arrived; 
this hod the effect of scouring the outer basin and freeing it in 
an effectual maimer from deposit. Indued, so powerful was the 
action of tho scour upon the bottom, that ibo foundation of tho 
piers became endangered by the removal of the chalk npon which 
they were built, i'o obviato this danger Smeaton constructed 
a stone apron of four courses around tho cast pier head and where- 
over protection was required, the basement course being 18 foot 
wide, tho second 1C feet, tho third 14 feet, and tho upper conrso 
12 feet, and extending vertically to within 7 feet of low-water 
spring tides. Tho depth of water at which these oourses wore 
to be laid proved an obstacle, and to facilitate tho work Smeaton 
introdneed for tho first time the diving-bell, that must important 
adjunct to marine engineering operations, which has siiico then 
become of such constant use. Tho bell employed by Siucaion 
at Kamsgato Harbour consisted of a rectangular chest of iron 
weighing 50 owl., and of sufficient weight to sink itself. It was 
4 foot 6 inobes high, 4 feet 6 inches long, and 3 foot wide, being 
largo enongh fur two men to work in. It was supplied with a 
constant influx of fresh air by moans of an air-pump placed in 
a boat near at bond. It is of interest to record the very day 
when tho first and successful trial of this machine was made— 
July 7th, 1788. 

'Hio harbom: as now completed contains an area of forty-two 
acres, tho piers extunding 1,810 feet inlu the sea. The entrance 
has a width of 200 feet, and possesses a depth of water at tho 
pier-hoads of 19 feet at high-water of spring-tides, 16 feet 
at neaps. 

The positiunjat a breakwater is a point requiting very great 
forethought and inVestipration on tho part of the engineer. It 
is at all times an expensive structure, and it therefore becomes 
desirable to place it whore tho greatest possible benefit shall 
bo derived from it. Every stone must, in fact, be utUised to the 
utmost. The general churacter of its construction may be 
gathered from tho foregoing remarks, and it may be assumed 
that that system which has proved effieiont and durable in more 
exposed situations, will be equally durable in other leoalitios. 
Nothing appears io form so substantial and so economical a 
base for a breakwater as large rough blocks of stone thrown 
down from the surface along the intended lino of the breakwater. 
The slope will thus assume a natnral angle, which tho wash of 
the waves will eventually consolidate in charaotor. It mn^ 
however, bo borne in mind that in any oaloulation of gumlity 
required for a base, the natural talus will vary with the size of 
the component parts. Thus we find that a sandy shore as^imes 
1 ^ tho nntund action of the sea a position nearly komonfol; a 
pebbly beach presenta a greater slope to tho water; largo 
boulders a still steeper front; and the solid rook stands with 
an almost vortical Uae exposed to ihe waves. 

Tho set of the tides, the velocity and direotion of onrrents, the 
prevailing winds, any local advantages oruing from projecting 
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headlaiDdai isolated rooks, and so forth, must be oarefoUy 
coaaidsred}' and, above ail, the ntinost facility afforded for 
vessels driven by strnsg of weather to avail thomsolvos of the 
' eeo|aity afforded by the breakwater. The neoDSsity for beaoone, 
to enable vessola to make the entraneo, and to avoid stranding 
npon that whiuh is intondiid for their benefit, is a point which 
Boaroely need bo uisistud upon. The oharaotor of such beacons 
wiU be considered in its proper-plswie. 

Hitherto our remorke have been confined to breakwaters, 

that is, those which rest upon the solid bottom. But there is 
another class of breakwater to bo considered, and one about 
which oonsiderablo difference of opinion exists; wo allude to 
floating breakwaters. 

Most of our TOodexs are aware of the foot thot when a small 
bwt desires to oomnmnicato with a large ship riding at anebor 
w rough water, it always socks-to do so if xiossiblo upon what 
is termed the k!c-8ide>of the ship, that is, upon tho side opposite 
to that on which the wind strikes, and tho reason for doing this 
is, because there exists a very perceptible diflbi'enoe in tho s-tato 
of the water upon tho two sides, tho lee-sido being vory much 
smoother. Now the reason of this difforenoo is simply due to 
the fact that tho largo vessel, although itself floating, and to a 
certain extent inflnonoed by -tlie waves, has acted os a break¬ 
water. It is not (liilicolt to aapposq that a foot so obvious 
should have misod the idea of employing old hulks, or floating 
straotures specially designed for tho purpose, and moored in a 
oontmuoua lino across tho mouth erf the port or harbour requir¬ 
ing )irotectio9, for this sxmoifio purpose. 'Ibose who odvooato 
the system urge'its snperior eoonomy over a rogularly-built 
Btraotnro, and the facility with which any one of its constituent 
ports can be removed for repairs, or replaced, and there can bo 
no doubt that in both these rospoets it has its advantages. On 
the cither hand, it is evident ti^t inasmuch as the stability of 
each portion is dox>ondent upon the mere strength and holding 
power of the mooring armngoments, it is possible that such a 
storm might occur as would render any snch arrangemouts 
unable to cope with its fury, and that then, at the very period 
when its value as a shelter would be tho greatest, it would cease 
to bo of use, and the ships wMoh hod been iiven frenn tho 
stoTO without to sock safely within would, boing land-lookod, 
be in a far worse position than hod they novor sought its 
shelter. And again, it may bo nigod that, granted the cables 
and anohora did their duty and withstood all the force of the 
wind and waterj yet tho shelter afforded is after aU only a par- 
shelter, for the larger waves by which tho breakwater 
itself is iufluonoed will inevitably pass beyond it and enter tho 
port, prodneing disturbance and commotion amongst tho ship¬ 
ping ; for it may bo takon as an acknowledged fact that nothing 
will break and expend tho fury of an advanoing wave more 
surely tlian a sloiiing shoro; ovon a solid wall or rook, if its 
faco is vertical, will permit the wave which rolls against it to 
toooil and pass on elsewhere, dimmishod slightly, it is true, in 
altitude, but still powerful for mischief. 

With resmot, therefore, to floating breakwaters, wo ore con¬ 
fined to this fact, that only a certain amount of bonofii oan result 
from tiioir uso. The larger tho floating structure tho batter, 
provided tho size is thrown in tho right direefion. Arguing 
from the fact that an immovable stmoture will prevent tho 
passage of a wave, it is evident that tho less easily a floating 
•tooturo is inflttonoed by the wave, the more shelter will it 
afford. What, then, should bo tho form or charooter of tho 
stmoture? If -this question oan be satisfootorily settled, wo 
may 3 ^ hope to gain some advontago from tho use of floating 
bT^ikwator& How, that peculiar oboraoteristio of floating 
b^es which wo term “ buoyancy ” is not striotly the samo as 
iw power of floating. ^ Its use is rather to bo restriuied to bodies 
whose shape or material renders it very readily moved veriicallg 
by a panning wave. A cork is in this respect strictly buoyant, 
and it is buoyant booause its material is buoyant. A broad 
thin dish of iron is also buoyant, but this is buoyant because of 
its or because tho siufaco resting upon the water is 

latfreSin proportion to its absolute weight. But it will bo 
possible to shape a vessel out of on eqml mass of iron, so thot 
although it shall flo^i, it shall not be buoyant' in souse wo 
0 ^* By reduoing the base and throwing tho metk into 
W sides—the tlmcfeniws remaining the samo in either enso—wo 
waU edrtada a vessel which will be fsx less readily influenced by 
a passing wave than the shsllcwr diiA would be. Here, we 


have the key to the form of struotore best suited to stop the 
ptogtPsB of a wave. Neither is it diffioult to prove the truth of 
our statement. Let us assume a mass of material—fron for in¬ 
stance—of a given weight. Then let it be shaped into a vessel 
of’Such a shape as ihat its line of floatation sh^ bs,pne*quBrter 
its height. Again, let an eqnal weight of iron be so shaped as 
that its line of floatation is thiee-qaarters its height. Now, if 
tho iron employed be of equal thickness in oilher case, the 
difierenoe in the height of the floating line oan be obtainod only 
by reduoing tbe maximum horizontal seotion below tho line 
floatation, in this case to onedhird, and the effect of this re- 
dnotion will be to diminish tho vertioal effect of a passing wave 
upon the body, in this instonco by two-tbirds, because the 
X)rc8suxe exertod by water—other things boing equal—is in 
every direotioii directly proportional to tho surfooe acted upon. 

It follows from this that, in the case before ns, a wave of 
throe feot vortical height will produce no greater«ffoot upon tho 
deeper floating vossol than a wave of one foot vertioal height 
will upon tho shallow vessel, and oousequontly its altitude or 
offeot upon tho oppositu side will bo proportionately diminished. 
It would, perhaps, not he too much to assert that tho gr(M.teHt 
bonofioial effect would result from a scroen or wall of iron-plato 
standing vortioally in tho water, tho lower end nearly touching 
the soil at low-water springs, and the upper end buoyed by 
moauB of casks or other appliances fixed on the inside of tho 
plate, the whole boing strongly soonrod by chains to efficient 
moorings. In order to prosont a less obstruotivo faee to tho 
waves such a struoturo might bo curved slightly inwards at the 
upper part. 

The theoretical effect of snch on arrangement would bo 
almost entirely to stop tlio progress of on advanoing wave, bo- 
canso, whilst tho whole mass would rise and fall by the action of 
tho long tidal wave, tho more sudden rise of on ordinary wave 
would be felt only upon the outer face, and would not act upon 
tho buoyant portion on tho inside. 

StiU, when it is remembered that the force of a wave will 
hurl boforo it a mass of solid rook of many tons -weight, tho 
almost utter hopelessness of scouring against tho attaoks of tho 
sea a wall of iron of an extent safficiently groat to be of prac¬ 
tical utilily as a breakwater, becomes apparent. 

Upon tho whole, therefore, we incline to the opinion that 
floating breakwaters are amongst those achievements of 
engineering which, although by no means impossible, and un¬ 
doubtedly desirable, have yet to be acoomphahed. 


TECHNICAL DRAWING.—LXL 

GOTHIC .STONBWOBK; ' 

GPOsaAKT {concluded). 

Brackxt —^An ornamental projection from the face of a waD 
to support a statno, etc. Brackets ore sometimes nearly plain, 
or ornamented only with mouldings, but aro generally carved 
either into hoods, foliage, angels, or animals. They are very 
frequently found on tho walls in the inside of churches, e8{iecialiy 
at the oast end of tho uhancel and aisles, whore they supported 
statues which wore placed near tho altars. 

CATKunBAXi—^Tho principal ohorch where the Bishop has Lis' 
seat (cathedra) as diocesan. It i8> 8o callod in oontradistinotion 
to abbey or priwy (see these), wliioh may bo ohurohes of equal 
or greater size or importance, bnt are not presided, over by a 
bishop. It is said no town oan correctly be oollod a etty unless 
there bo a cathedral therein. 

FniTHSTOon, or Feeedstool —Literally, "the seat of 
peace ” (Oerman, fricd-sluhl, “ peace-choir ”). A seat or chair 
placed near tho altar in some ohurohes, the last and most sacred 
refngo for those who olaimod tho privilege of sanotuary within 
them, and for the violation of which the severest punishment 
was decreed. They were frequently if not always of stono. 

(Iauuse—A species of poroh where, it has been said, tlie 
femolo relatives of the monks went to oonfor with them, they 
not boing permitted to enter the ooflventual buHdings. 

GabooyiiE, or GuKUOYiiE—Carved terminations to the sponts 
which conveyed away the water from the gntt^, and aro 
supposed to be called so from tbe gurgling noise made l^y the < 
waW paMing through them. Bometimes they srer perfectly 
plain, hut axe ottener oaxved into Sgntes or vMcb arc 
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frequently Btoteaque; those are very commonly reprcaented with 
open months, from which the water issues; but in many oases it 
is oonreyed throngh a leaden spout, either above or below the 
atone fignie. * ' 

QiuUii!—;The ironwork forming the enolosnre scrden to a 
chapel,'or the protecting railing to a tomb or shrine. GrUlos ore 
more common in Prance than in England. 

Oboin—T he angle formed by an intersection of vaults. 
Most of the vaulted ceilings of the buildings of the Middle Ages 
are groined, and therefore called groined vaults, or groined 
ceilings. During the earlier port of tho Norman stylo the groins 
wore left perfectly plain, bnt afterwards they were invariably 
covered with ribs. 

HAUM£B.ni:AM —k beam very frequently used in the principal 
timbers of Gothic roofs to strengthen tho framing, and to 
diminish tho lateral pressure that falls upon the walls. Each 
principal has two hammer-beams, which occupy the situation of 
a tie-ljoam, and in some degroo serve the same purpose; but 
they do not extend across tho whole width of tho roof. Tho 
ends of hammer-beams am ofton ornamented with heads, shields, 
or foliago, and somotimus with iignxes. 

Lantebn—A turret raised abovo a roof or tower, and very 
much i)iorced, tho tmttor to transmit light. In modem practice 
this term is generally applied to any raised part in a roof or 
coiling, containing vertio^ windows bat covered in horizontally. 

Lioh-OATE—A covered gate at Uio entrance of a cemetery, 
under the sheAor of which tho ruouriicrR rested with thu corpse 
while tho procession of tho clergy came to meet them. 

Missbruf.—S cats in thu stalls of hirgo churches, made to tnm 
up and afford support to a person in a position between sitting 
and standing. Tho underside is generally carved w'itb some 
ornament, and very often with strange, grotesque figures and 
carioatures. 

PisciNw:-—Hollows or niches near the altars, with drains 
to take away tho water used in tho ablutions at the Mass. 
They seem at first to have boon mere ciqis or smalJ basins, 
supported on perforated stoiiis placed close to the wall, and 
afterwards to liavo boon rooossed therein and covered with 
niche-hends, which often contain shclrcs to servo as ambries. 
Tlioy were rare in England till tho thirteenth century; but 
there is scarcely an altar of later date without one. They 
frequently take the form of a dnnhle liioho with a shaft between 
tho aachod beads, which aro ofton filled with tracery of an 
elaborate oharacior. 

PoFVT-HBADB—The fiiiials or other ornuments wdiich torminato 
the tops of bouoli-hoads. cither to pew.., or stalls. They ivro 
sometimes small human figures or heads; soinetinics richly- 
ootvod groups, images, knots of foliage, or fiuials, and sumutim('s 
flonrs-de-lys, simply cut out of the thickness of tho beuoh-ond 
and oliamfored. 

PiuoKY—A monastic csiablishmeiit, generally in connection 
with an abbey, and presided oi cr by a prior, who was u sub¬ 
ordinate to tho abbot. (See AnuET.) 

BefRCTOBT— ^Tho dining-hall of a convent, monastery, college, 
etc. The intenuil arrangemonis and fittings were very simihu- 
to those of the ordinary domestic halls, except that it was usually 
provided wuth a raised desk or pulpit, from which, on some 
occasions, one of the inmates of the ostablishmout read to thq 
* others during meal-time. 

Beredob—T he screen or other ornamental work at the back 
of an altar. 

Sacristy—A small obambor attached to churches, whore tho 
ohalicoB, Vestments, books, etc., wore kept by the officer called 
tho Sacristan. 

SedUiIA—T he seats near the altar in clinrches, used by the 
priest and officiating clergy during certain portions ol' tho mass 
or communion service. They are generally three in number. 

Tabebnaglb— A speoies of niche or recess in wbicL an image 
may be placed. 

TabebnaCIiE-WORK—^T he rich ornamental tracer;' formuig 
the canopy, etc., to a tabernado. It is common in the stalls 
and Bcroens of oathodrals; and in them is generally open or 
pierced through. * 

Tympamdh—T he triangular space between tho hc<rizontal 
and sloping cornices on the fyont of a pediment in Classioill 
V arohiteotnre. It is often loft, plain, but is sometiwes .covered 
SQUlptare. I'This name is ^so given to the space Immediately 
above the q>anBg of a d.ooirwsy, eta, in medisevel |«(ffiiteati»e. 


when tho top of tho opening is square and has an arch over it. 
This arrangement is not uncommon in this country, in Norman 
work, and on tho Continent is to be found in eaoh of the 
stylos. This kind of tympanum is occasionally perfectly plain, 
but's generally ornamented with carving or sonlptnro. In 
Continental work the subjects arc nsnolly arranged in tiers one 
above 'another, and often embrace a great number of figures. 
Also when an arch is snrmoaiitod by a gable-moniding or tri¬ 
angular hood-mould, the simeo included between the arch and 
the triangnlar hood-mould is termed the tympanum of the 
gable. 


PRACTICAL APPLICATION OF THE FINE 
Ainu—TX. 

THE AST OP MOSAIC. 

By P. n. Delahottp., Professor of Drawing, King’s College, London. ■ 

By mosaio wo understand tho art of putting tegothor pieces of 
vnriona materials, either white or particoloured, in such a way 
OH ti. form definite patterns. Just.os a musical note differs 
from a mere sound by tlio fact that there is a certain rhythmical 
arrangement of pulsation instead of vibration repeated at no 
certain interval, so does a mosaic pavement, for instance, difier 
from an ordinary pavement, in having tho materials arranged in 
a certain order, according to their shape or colour. ■\Vo do 
not wish to imidy that pavement is the only piirposo to whieli 
mosaio can lie applied, but it gives tho readiest means ol 
explaining what wo mean by mosaic, and it appears to have 
been tho earliest par{K)Se to which mosaic was applied. 
Pavement was l.hat kind of" flooring formed by the pavior by 
striking or beating, as the word implies, tho materials into a 
firmer consistency than the more steno and concrete would 
otherwise take. Mosaic is essentially an arcMtecturul art; 
whether it be applied to ornamentation of pavements, to tho 
facing of walls, or tho copjaug of pictures, or tho decoration of 
fumituTo. Tho small soraps of Bouwn work that aro insorted 
in jewellery m-e more toys, simply imitating that which is the 
real art. 

Tho origin of tho nrt, like that of many others of far inoro 
importance to tho well-being and tho culture of man, is lost in 
oliscurity, and yet we can trace it far enough to feel sure that 
it must have arisen amid tho early civilisation of tho gi-oat 
ompiros of ■\Vcstorn Asia. Tlio same word which Ezekiel nses to 
describe tho pavcuioiit as seen by liim in his visions of tho now 
toiujile, and which no doubt ho idealised from tho actual pave¬ 
ments in Assyria, is Used also of a pavement upon which Ahaz, 
the King of Judah, who copied, at least, Assyrian alters, placed 
the “ sea " wlieii ho had removed it off tlio brazen oxen; and Is 
also employed in the book of Cliromoles to design.ate 'the floor 
of the court iii which the Israelites assembled at the dedication 
of the temple in the reign of Solomon. Amid tho remaiuH of 
Niiioveh now deposited in tho llritish Museum, there aro floors 
of steno or alabaster cat into patterns. After the uestmetion 
of Nineveh we find in Persia, at Sliuilian (3iiRa), that Ahasuerus, 
according te tho book of Esther, made a feast “ in the court of tho 
garden of th(»king’s palace,” and after tho description of other 
decorations, it ooutinues, " Upon a pavement of red, and bine, 
and white, and black marble.” Theso latter words are trans¬ 
lated by some modem scholars te mean alabaster, white marble, 
mother-of-pearl, and rod niaible. The mothcr-of-pourl wo 
should think must bo a material of doubtful advantage in any 
.surface which hod to undergo tho wear and tear of much tniflle; 
perhaps in tho court of the garden of a king’s luilaco oiuliir- 
anoo might have been willingly sacrificed to beauty of apjioar- 
antx). 'Tho wholo account reads so like some of iJio drinking 
scenes portrayed in the Nine'vitish sculpture, and especially one 
in which a king is represented as drinking witli his queen, ho 
reclining in a couch, and she sitting laughing in a straight- 
backed chair in a “ oonrt of a garden,” with vinos trollisod 
around, that wo cannot but think that tlio I’crsians took some 
of their docoratiouB from tboir predocoBSors in dominion •Wo 
know that the Greeks, ■who took the origin of all their lurts from 
Asih or from Egypt, and so improved upon tho stagnant and 
Oriontel ehoraoter of eaoh that they lianded them down to 
their sacoessors in forms scarooly to be recognised os belongittg 
to the original model,' mode use of this style of deooratiou in 
thw noUest baOAbngs. Hnfortanately:, none of their works 
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remain te vb, bat as Groooe disappeared ber troasares were 
swept into tbe all-gathering net of b^me j and mosaic begins to 
flourish in Italy just when the old Biomans advance to the study 
of Oreoian art, and language, and philosophy. The subjugation 
of Qteeoe brought many Qreok artists to Italy, and some of their 
work remains to testify to the fact. The ol^st Koman name 
for mosaic is lithostrotum {?u8o(rrpttTb»), a word showing, as 
words so often do, by its Greek derivation, that the origin of the 
art as far os the il^mans were conoomod, was Greek. It was 
on such a UlJtoslrotum that Filato from 
his jbdgmont-soat delivered over tho 
rejected Jewish king to bo omciiiod os 
a slave might have been. 

The oldest piece of mosaic known to 
exist is that at Falestrina, formerly 
Frmnesto, near Itomo, whoro it was 
plaoed in the Temple of Fortuno by 
Sulla, B.C. 80; but the Greek workmen 
left the insoription on it in their native 
Greek oharactor. From that day to this 
tbe art has been principally cnltivated 
by the Italians. Wherever tho Boman 
arms extended their sway, tbero their 
Boldiers carried with them tho loxnrios 
th^ were aocustomed to at home, hence 
Gai^ and Britain contain many remains 
of tiiis their work; and their desoend* 
ants to tho present day in Borne itself, 
in Florence, and in Venice, have ox- 
oolled and do excel in different branches 
of this samo art. 

The name for mosaic 
amongst tho Bomans wo have 
uotiood was of Greek origin 
-^11 tho names tor tho dif- 
feront varieties of mosaic, and 
thdso were numerous, were of 
nativo growth. In tho first 
plaoo wo have tho opus tessel- 
latum, whonoo wo derive our 
phrase of tessolated pave¬ 
ment. This takes its name 
from the tcssellai or tessera, 
the technical name for tlio 
small cubes or pieces of which 
the pavement is formed. In 
the opus tessellatum, the tes¬ 
sera) wore small oubos or 
square dies of about throe- 
quarters of an inch sqtiare, 
sawn ot worked by the hand 
into proper shape, and tiion 
arranged in geometrical pat¬ 
terns. The colunrs first em- 
• ployed are snpposad to have 
been black and white, but at 
a later period other oolours 
eomo into use, as they were 
found advantageo]iB in other 
kind of mosaic, and had been 
•nployed in tho species called 
optM figlwum, which will be 
^Botib^ afterwards. Tho 
some kind of tosseraa were 
used also in other sorts of mosaic, but it was not oallad tessella- 
film, nnless tho component parts were exclusively of this square 
shape. There are many specimens of this work in various parts of 
tins oountry, as for instanoe at Claxby, in lonoohiBhire (where the 
oolours Rie blue, white, and black), in many of those pavements 
diBoovered beneath the oiiy of I^don, in the borders of the 
flnsr floorings and in the smaller passages ot many of tho 
Bo ste ng iU as disoovered in vsrions parts of this oountry. '!]^o 
finest spemmens xu» donbi are to be found in Italy, in the 
etoai^ona of Heroohuieitm and Pompoi, in the Sida ^ Nnovo 
Bnooio in tho Vatioan, and espeoially in ^e Baths of fVTMMlla, 
atBooe. 

!Qw opua aeefila is oslled after the eeeta, or portiona ont oat 
firoca thb'ooloured m a rb le a or erusldf. In ibia work theiaaiblea 


were divided into various shapes—triangles, squares, oblongs, 
rhomboids,hexagons,etc., as in lUg. 17. These axe oombined so aa 
to compose reg):i^ geometrical figare| of more or less intrioaoy, 
but in no oaao is an attempt made to imitate any natural objeot. 
The nmteriala used are very various. In a pavement in tho ohutok 
of S. Croce in Gerusalemme, at Borne, a pattern is formed of 
hexagons of paoonametto (a purple stone), surrounded with 
squares of red .porphyry, the intermediate equiangular triangles 
being composed of four smaller triangles, three of palombino, and 
one of Borpontine,Fig. 16. This species' 
of work is never found in this oountiyv 
and it is not common in Italy. Tho 
earliest date assigned to it is b.O. 100 . 
In 'the Pantheon at Borne and in St. 
Peter’s may be seen tho finest examples. 

Tho opus figlinum or figuXinum dif¬ 
fered from the former in several parti¬ 
culars—in material, in pattern, and in 
omploymont. Whoieas tho former sorts 
of mosaio wore composed of marbles and 
natural stones, in this work a species 
of onoaustio tile or terra-cotta, some¬ 
times colled “ ceramic tesseno,” was em¬ 
ployed, hence it was called JiguUnum, 
tiom Jigulus (a potter, or maker of fictile 
.ware). These wore more or loss of a 
vitreous composition, formed principally 
from alumina, but having various oolours 
{>roduced in them by 'tho addition of me¬ 
tallic oxides. Sometimes these tessorae 
wore combiuod with natural marbles, 
alabaster, etc.,'and in those 
works do we find for the first 
time gold intiroducod. This 
was employed in somewhat of 
the same manner as it was in 
later times, and is still nsed 
in Venetian mosaios. On a 
thick groundwork of the 
vitreous oompoimd, in shape 
like a thin tile snnbamt (and 
thus Salviati and Co. employ 
various deoply-ooloured 
glasses to give a different 'lone 
'to tho slightly transparent 
gold) a piece of gold-leaf is 
laid ; upon this again a thin 
coating of transparent gloss 
is plaoed, and tho whole trans¬ 
ferred to a kiln and bumt> 
much in tho way in whioh 
stained glass is burnt after 
it is painted. The main diffi¬ 
culty, of course, is 'to know 
when the 'tile had been sub¬ 
mitted to sufficient heat to 
vitrify the materisl without 
giving it sufficient liquidity to 
allow tho gold 'to run into 
masses. The whole should 
become homogeneous, and 
the union of parts should be 
perfect, but it should not nm. 
Besides being different in ma¬ 
terial, tbe opus figUnwm differs also in patteini. We have now 
iutroduood imitations of natural objects, leaves, fruits, and 
figuroa Tbe effect of thia, of oourse, 'was soon visible upen 
other kinds of mosaio, and we not unfreqnently find mosaios— 
formed wholfy or in great part of marble and natural stoae— 
whioh portray men and animals, as well as flowers and fnat^ 
though -this lather belongs to the next kind that we ahall 
dosoribe; hut 'we, too, may note that none of theae designs 
appear earlier 'than tho invention of the opus figUnum whioh, 
Hiny atates, waa made b.c. 24. Hie use, too, of this ap^es 
of moeaio waa different from that whioh we have deeeribed 
before. The fomer Idnda were employed almost exoliudvely t<x 
pavementa; but with the new material and new deeigna mosaio 
hagaa to he used fox waUs, for oeilinga, and even for the 
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B. CROCIS IK OBBUSALKMUE, AT VMME. 



Fig. 26.— PBOU THBBADKSBDLB BTBBKT, LOKPOK. 
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dsoocation of fundtiiza. _ The Bathe of Ag^rippa afford oae of tho 
beet ezoBDiples of the osdent form of this beaatifnlkiiid of work. 
Bat the moet important of 


the anoient moeoiOB woe the 
opus vermiciU»t^m, which was 
formed of tessersa of irAga* 
lor shapes or eizesj varyiiif 
from half an inch square to 
ose-twentieth of an inch. The 
pieces were irndividoally adap¬ 
ted to their position, so that 
‘they might follow the lines of 
the design, and thus in tho 
baekgTonnd or in large spaces 
of eTon ooleoring these divi¬ 
sions cansed an appearance 
like a mass of worms wrig¬ 
gling, hence tho name vermi- 
culatum, from vermes (a 
Warm). .In this work natoraUy 
the artist employed whatever 
material would give him tho 
desired .colour and shade, and 
theugh marble was probably 
preferred, this was supple¬ 
mented by fictile work. In a 
quantity of mosaie work found 
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long period of burial beneath the earth, tfas Bnrfaoe of tha 
ookmred glass had decomposed into verdigris and silica, leaving; 

an appesiKnee of a bright 
green; as this bright green 
came in' masses in the midst 
of a duller green representing 
leaves, it gave an appeatooce 
of very dull coloniing, until 
it suggested itself to Professor 
Buoknuin, to sorape off the 
green and the dnU white be- 
uoath it, and thus to discover 
the bright red below. Thus 
wo soo that the Bomans era- 
ployed whatever material oame 
to hand—in tho opus figUnvm, 
they need exclusively terra¬ 
cotta or a kind of glass; in 
thcvermiculatum they bronghb 
in marbloB of all colonrs, ala¬ 
baster, commoner sorts of 
stono, sandstone, freestone, 
etc., and oven chalk, and the 
colours not readily producible 
by this means they produced 
by moans of tiles and glass. 
There arc three rocognisod 
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Fig. 31. —FBOM BAKE OF BKOLA'Nn 


Fig. 18.—FROM BATHS OF AaiUF:i^. 


Fig. 20.—FBUV ABBOTS AHK, HANTS. 
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on the site of a 
BMsan villa at 
Oireaoester, the 
materials em¬ 
ployed were 
principally free- 
stane, oolite, 
sandatraa, lime- 
B^e liaa of va- 
rioua oolaurs 
(and same of 
these had been 
altered by heat), 
andalittle chalk; 
some oehwFB, 
sspeoially reds 
and blsKdcs, were 
of terra-ootta, Fig. 26 .—fbok cibxnckbtbb. 

and in ene ease 

a bright red wbi| produced by a ruby glasa. Tho colouring 
natftac la tide latter cdse was aa odds of copper. During the 
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- classes of tho 

opus vermicultb- 
turn. Tho ma- 
yus, which ia 
applied to pave¬ 
ments or ceil¬ 
ings, and is com¬ 
monly of only 
black and white 
marble. In this 
material figures 
are produced 
which, though 
Bom ewh a t 
ocmxsely ii^ixiLwa, 
axo very effec¬ 
tive, aad'exoeed- 
Fig. 24.— fboh oibbnckstbb. >ng^ spirited. 

There are good 

examples of tiiia in Fngland, but the moat atriking perhaps axe 
to be found in the Baths of Caraoalla, at Borne. Tho second 
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kind is aaJled medium, and is employed in the decoration of 
fraitts. Hio obaiaotor of the deeigns ie prinotpally foBtoone of 
flowms, and figures of oupids and nymplis. Naturally, from the 
poeition of this work, it is more likely to perish an the wall decays 
than when placed as a paTement, when it merely gets covered 
over, and, dropping out of sight, ie proserrod by that which hides 
it. The wall, on the other band, falls, breaks us it drops, and 
the mosaic crumbles into a more handful of cnrionsly-chippod 
pebbles. There ore, however, some remains of this medium work 
in the Vatican and in the Mnseo Borbonico at Naples brought 
from the neighbourhood of Pompoii; besides minor specimens, 
there is the well-known roprosentation of the contest of Alex- 
ahder and Darina, at the battlo of Issus. This, perliaps, is the 
finest example of the unoient Bomun mosaio work known to 
exist; for thongh we know that no Itoman pf the upper classes 
thought his house comploto without decoration of this kind, 
tiio houses themselves have so completely disappeared in the 
course of sixteen or seventeen uenturios that but very few 
epeoimens remain to ns. 

The third kind of ojms vemiimlntum was colled minus, and 
was employed principally ns more ornament, or ns an adjunct to 
the ornamentation of fnmitnre. This, of coarse, was far more 
delicate in its construction than tho others. It consisted of 
minute partioles of marble and fictile ware, sometimes not one- 
twentieth of an inch across, and was more like tho modom 
Boman or Florentino work than tho uoursor kinds of w^hich wo 
have been speaking. It was of this kind it is supposed that 
the mosaic was composed which it is reported that C. JaUua 
Gassar carried about with hjm on his oampuigns. Probably tho 
taste that found vent in this way oontributod not a little to 
his popularity with his contemporaries,'and his fame among 
posterity. Hiny desoribes with groat admiration a mosaio of 
this oharaoter, which represents doves drinking from a vase, 
which aotuol work or a copy thereof still exists, and tho design 
must be well known to all who ore interested in mosaio work. 

Tho opus scalpturatum was somewhat different from tho 
former, inasmuch as in all those cases the various coloured 
materials were embedded in a layer of plaster or cement, whilst 
in this the marble itself was made the foundation for a process 
of inlaying. Tho marble was hollowed ont, the grooves wore 
filled op with gray or black marble, or sometimes ivith oomposi- 
.tion. In the Capitol at Bouio is preserved a map of the city 
made in this way. It originally formed the floor of tho Temple 
of Bomulns and Bomns, and seems to have given tho position of 
every house in Borne. In the cathedral at Sienna a picture is 
produced by inserting grey marble in a foundation of white, 
and in the required plemes deepening the shadows by crossed 
grooves filled with a black composition. This, of course, is much 
later work, but probably the Bomaus carried this decoration to 
m greater degree of perfootion than any remains of their work 
wonld load ns to suppose. 

There was still another species of mosaic, called asarotum 
opus, which as its name was Greek, was probably introduced 
from Uroeoe. It wonld imply on appearanoe a.s of an unswopt 
floor, either dotted with crumbs, or having the chips from 
other workers scattered about it. This i)robably rcsembldd 
tlis Vonotiim 2 >isi floor, or tho common Italian trOeio. It was 
rather a trick of an artist than what oould fairly bo called an 
artistic work. 

Ibo above were the principal stylos of mosaic used by tho 
Bomons daring tho time that they remained heathen ; tho later 
work thongh not necessarily connected with Christianity or 
axising therefrom, is so muoh influenced by Christian art that 
we oannot but make a pause between tho old and tho now. Tho 
vermieulatum, indeed, did last on into Christian times, of which 
we have an instaiico in this country (and it is believed 
to be the earliest instance) at Horkstow, in Lincolnshire; 
hnt in this ease pagan deities are mixed up with Christian 
monogram in a most extraordinary manner, and it almost looks 
as if the monogram bad been introduced by some Christian 
workman in a surreptitionB manner. Di the first kind of mosaio 
whi^ ige ore about io mention as having arisen after Chris- 
tianiiywiui somewhat extended—in Italy at least—^thero was not 
nmoh more than these monograms to denote the intention of 
the workers, still it seems to ^ve had its effect upon the work, 
henceforth was devoted more especially to churches, and 
WM oeriainly less imed hi private dwellings, if not aim in 
psidio bnildinga of a seonliur obKCOctm, in the second tho 


religioas influonoo was for more marked. It gave a tone to 
the whole, and if the mosaics of the fifth, sixth, and following 
centuries not only surpass all previous work of the same 
character, but passess a grandeur of their own which we seem 
quite unable to rival at tho present day, it is certainly owing to 
the doeply-imbuod faith and the stron|lh of reli{deas feeling in 
those early ChristiunB who did not halt between two opinions*' 
as to religious art, but strove to teach their people with the 
teaching of tho eye with as much earnestness as they essayed 
to impress its doctrines by their oral discourses. If, a.s Mr. 
Buskin says,'religion has not gained by its alliance wiili sri:, it 
is impossible for any one to look upon tho mosaics of San' 
Marco at Vonioe, or ^e grand sorics at Bavenna, in the oburoh 
of San Apnllinare Nuovo, in tho Archbishop’s private chapel, 
in the BaptistrJ' of St. John, in tho Basilioa of San Vitale, tho 
Mausoleum of the Km press Galla Plaoidia, and, though last not 
least, the Basilica of San ApoUinare in Klasse, outside the town, 
without foeUng that art owes muoh to the strong roligiouB 
fooling which prompted the conception and carried through tho 
construction of such heart-stirring and magnificent work. 

To return to our description of tho various styles of mosaio. 
1'he first which came into existence after the spread of Chria- 
tianity are called tho opus Alramndrinum, to which wo find snoh 
constant allusion, and of which so many remains of ancient 
work is still to bo found, especially scattored about; through all 
parts of Italy. This style of work originated in tKc fact of tho 
Kmperor Alexander Sovorus, -who reigned between tho years 
222 and 235 A.n., having procured a quantity of porphyry and 
serpentine on his returo from Alexandria, and this was inserted 
in channels chased ont in sLibs of white marble, in a manner 
not very unlike tho opus scalpturatum, which we described Ijoforo, 
excepting that this earlier work seems to have consisted prin* 
oipally Of white and black and grey, and did not show forth 
tho strong eolours of porphyry and serpentino. Tho production 
of thisworklastod on until thoboginningof thofonrtoenthoentary. 
The finest specimens, it is said, are to be bmu at tho Covtosa at 
Pavia; and m this country Westminster Abbey and Canterbury 
Cathedral furnish examples, boUi tho work of Italian artists. 

Tho next improvement was a rotxum to something like tiie old 
opus vcnniculatum. It consists almost entirely of sacred 
subjects, in which hnt slight shadows wore used, just os wo boo 
in the pictures of tho same poriq^, and tho whole stands forth 
from a ground of gold, recalling the saorud pictures in use in the 
(^ook Church. No doubt there was a strong Oriental or Byzan¬ 
tine influence at work upon this art, for the finest sperimens 
aro to bo found in Venice, tho fjort by which medimval Kuropo 
hold its intercourse with tho East; in Bavenna, so long tho 
capital of the exarchate dependent upon tho Eastern Empire; 
and in Sicily, whioh always hod an Oriental tinge— 

"Becanso areaks ore Qreoka, and bouts aro heuts, 

And pootiy is power." 

So that we find in this Greek art, fiourisMng on a soil imbued 
with much good blood of Grooks, and compelled to teach a reli¬ 
gion sprung from Syria but nourished in Grooeo, muoh of Oriental 
repose and grandeur, much of deep and dignified expression, 
portrayed in fixed and storoutypud forms. 

Sir Digby Wyatt gives it as his opinion that the earliest work, 
sneh as that at Mouruale near Palermo, was prodnood by first 
covering tho whole ground with gold-surfaced tossorm strongly 
bedded in plaster, and that afterwards tho patterns to bo in¬ 
serted were picked out and filled up with the various eolours 
required. This, at aE events, does not seem to have been tho 
j)lan on which the mosaioists of Venice and Bavenna worked, 
for we find their work is graduaUy fitted round to the outliDOS 
of the figures, and by their lines diteoting the eye to the main 
purpose of the pioture. 

l^ero remains but to mention tho geometrioal gloss mosaio, 
whioh is nsuaUy inserted in grooves of white marble, and^ made 
to subserve to tho decoration of friezes and columns, and in fine 
forms of rerodos and pulpits. Begnlar geomotrical figures, 
ospocifllly equilateral triangles and hoxagrons, are the common 
forms employed, but these uro not formed of regular-shaped 
pieces of glass, but of bits •broken off, and in some cases, ground 
down, pieces from whioh these fragments were onopp^ 

off were originaEy about six inohes square, and half on inch 
thlolc. These pieoes wore fitted to their places, and fastened 
down with 4 cement funned of lime apd a Uttle powdered 
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Htone. This ohuaoter of mosaic tras oosimon until about the 
middie of the fifteenth century, when fresco-painting obtained 
such a mastery oyer other modes of external and mural decora¬ 
tion that idle mosaio, with its Oriental tendency, to retain tradi¬ 
tional forma, was unable, especially after the taking of Constan¬ 
tinople out off almost all intorconxso with the Eastern Empire, 
to hold its place in the pnblio estimation. There always has 
been, however, a certain amount of mosaio made in Borne, in 
Florence, and in Venice. * 


BIOGRAPHICAL SKETCHES OP EMINENT 
INVENTORS ANl) MANUFACTURERS. 

XXni.—JOHN DALTON, D.C.I.- 
BT JAHKS UltANT. 

AHotra those men whoso liv^s form eras in the history of science 
wo may jnstly nnmber John Dalton, the second Newton of Eng¬ 
lish physics, the author and expounder of the “ Atomic Theory,” 
who was bom on the 5th of September, 176G, nt Eoglesfiuld, a 
township in the parish of Brigham, in Cnmborlaiid. ills father, 
Joseph Dalton, by the death of an elder brother, became ptOp 
prictor of a small ooi)yhald ostato, which he thriftily farmed with 
the aid of his sons. Ue gave his family tho best education Ms 
slender circumstances would permit, and his second son, John, 
was educated at a school conducted by a member of the Society 
of Friends till ho attained his twelfth year. 

Young Dalton must have mado remarkable progress there, and 
dovolojmd early talent, os in his Ihirtn'nth yea/r ho commenced 
a school in his native village, and continued to toOch there until 
the winter of 1781. All tho time ho could spare from this voca¬ 
tion was devoted to assisting his father os a farm labonror. At 
this period he began tho study of mathematios, in which he was 
assisted by a kind and accomplished lady named Bobinson. An 
anecdote is told of tho boy teacher which oxhibits tho early 
possession of that oenfidonoo which formed a leatling feature of 
his fntuTe oharaotar:—“ The oorroctuoss of one of his solutions 
being questioned, be persisted in its accuracy, backing his 
opinion with a hot, the result of which was a supply of caudlos 
through the winter for his little school.” 

On attaining his fifteenth year ho was appointed usher in tho 
school kept by his cousin, Goorgo Bowley, nt Kendal, where, 
until 1792, ho was entirely employed in uciiniring and teaching 
tlie physical soioncoS and mathematics. IMor to this, in 1788, 
ho oommencod tliose meteorological tjisorvations which led 
directly or indirectly to all his great dicooverics, and which he 
continued wittiont intomiission until the day before liis death. 
While residing at Kendal he gained tho friendship of a blind 
gentleman, named Gough, who had an oxccllont library and some 
chemical apparatus, all of which ho placed fully at the disposal 
of Dalton, who became his assistant and companion, and who in 
return was never weary of expressing the obligations ho owed to 
him; and to those ho referred when, in 179.8, ho published his first 
work, entitled, “ Meteorological Observations and Essays.” His 
observations on tho weight of tho atraosphem led him to the dis¬ 
covery of the fact “ that the rise and lall of tho barometer depend 
upon the amount of watery vapour floatiug in tho air; every 
groin of water when dissolved in that medium becoming an 
olostio vapour capable of sustaining ^th of on inch of mor- 
onry. Ho oonneoted tho Aurora BoroaUs with magnetic pho- 
ndmona, and explained tho cause of tho trade winds without 
being aware of tho explanations of others on these points.” 
I^m 179(1 to 1803 ho was busy with experiments on such sub¬ 
jects as the force of steam, evaporation and tho expansion of 
gases by heat, the deposition of dew, tho fall of rain, tho secret 
origin of springs, the power of fluids to oonduct heat, tho con¬ 
stitution of mix^ gases, all the while conducting his meteoro-' 
logical obsorvationB with singular regularity and minuteness. 
For more than fifty years of his life ho was in the habit of making 
a doson of those observations daily; and it would indeed have 
been remarkable if from sneh a moss of notes such a man as 
Dalton did not deduce much that was new to science, and 
theoretically important. 

Borne time prior to the publication'of his “ ObservationB” ko 
had thought of qualifying as a lawyer or physician; but changed 
these views on obtr^ng the more congenial employment of 
I*rofeBBor of Ma&ematics and Natural Philosophy in the New. 
epUege, Moatoy Stxeet, Manchester, to wMoh oity^he removed, j 


and there spent the remainder ,ef bis days. He became a leading 
member of the Manchester Literary and Philosophical Sooietiy, 
to the Transactions of which he contributed a series of x>apera 
containing tho results of original researches of tho greatest vsluo 
to Bcieude. 

In 1803 ho pubUshed an essay “ On the Tendency of Elastic 
Fluids to Diffusion through each otherand a second “ On tho 
Absorption of Gases by Water and'other liquids;” the latter 
containing tho first announcement of his disoovery of the laws for 
combining proportion, and tho germ of hia celebrated hypothesis, 
the atomic conutilutioii of matter. In this ha employed Ms usual 
mode of illustration, representing the particles of the liquids by 
one kind of dot, and the particles of the gases by anothc^ land, 
shoeing how fnlly a belief in the aiucAic theory of formation had 
taken hold of-his mind. He took a mechanical view of the ab¬ 
sorption of tho gases by liquids; huli.it was asked, “If this 
mingling were a mechanical matter, and not chemical action, 
how does it hapx>en that water dissolves ita own bulk of one gas, 
carbonic acid, and only throo per cent, of its own volume of 
another, such as oxygen ? ” 

Dalton sow this difficulty, and roph'ed, “ Why docs water not 
admit its bnlk of every gas alike f Tliis question I have duly 
considered, and though 1 am not yet able to satisfy myself com¬ 
pletely, 1 am nearly persuaded that the oircumstanoe depends 
upon the weight and number of the ultimate particles of the 
Bovoral gases, those whose particles arc lightest and single being 
least observable, and the others more, according as they increaso 
in weight and complexity.” To this he added a table of the rela¬ 
tive weights of tho ultimate particles of guseons and other bodies, 
and this was tho first attempt at a table of atomic weigMa. 

The atomical philosophy has been alleged to be atheistical, or 
alliod to atheism ; but the learned Dr. Cudwortb says it existed 
before and without atheism, and that Democritus and Leucippua 
are to bo regarded as the first inventors of atomical philosophy. 
Of tho theory in chemistry, though first noticed by Higgins, of 
Dublin, in 1789, and by Bichter, of Berlin, four years later, tho 
doctrine was neither fully expounded nor completed till Dalton 
published his “New System of Chemical PhiloBophy ” in 1808. 

Five years before this he had lectured on the subject in Man¬ 
chester and at tho Boyal Institution of London. In 1804 he 
fully explomed it to Dr. Thomson, of Glasgow, who spent a few 
days with him in Manchester, iuid in 1807 ho lectured pnblioly 
on tho subject in Edinburgh and Glasgow. From thonco till 
1810 ho was chiefly oecniued in tho prosecution of analyses to 
verify hLs theory, and in teaching mathematics, though he was 
not a fluent s)xaiker, and did not possess mneh talent for teach¬ 
ing. He sncccodod, however, in proving his theory, in direct 
opposition to Berthollct, who maintained with great ability the 
doctrine of indefinite affinity, or the opinion that substances 
disposed to combine united in every possible proportion; that 
the sovctnl compounds formed by varying proportions of the 
same ingredient-! are all multiples of the first. 

Dalton had ever round him in Manehosior a circle of appre¬ 
ciating friends, who nioi-e than, once offered to provide him with 
a competence to tho end that ho might give his undivided atten¬ 
tion to tho pursuit of scientific investigations ; but these offers 
ho dccliiiod. *ln 1814 his portrait was painted by Allen, and 
engraved for distribution. In 1822 he visited Paris, and was 
introduced to La Place and all the more distinguished of tho 
French philosophers. He was invited to attend the meetings of 
tho Institute, and was everywhere treated with such distinction 
that, though natnraUy retiring and modest, he said on hie return 
homo: “ If any Englishman has reason to be proud of i'ronce, 
I am that one.'’ 

In 182C tho Boyal Society of London accorded to him tho 
royal gold medal, of fifty guineas value, placed at their disposal 
by Goorgo IV. He attended the earliest meeting of tho British 
Association for tho Advancement of Science, hold at York in 1831. 
Its next assembly was at Oxford, in 1832, when tho degree of 
D.C.L. was conferred upon him by the University. When the 
Association mot at Cambridge in 1833, its president, Frofoasor 
Bodgowiok, closed a speech fall of compliment to Daltoii^by an¬ 
nouncing that “ Hia Majesty WiUiam IV., wishing to manifest his 
attachment to scienoo, and his regard for a choraoter like that 
of Dr. Dalton, had gzaoioualy conferred on him, out of the funds 
of the Civil List, a substantial mark of his roysd favour.” This 
“ mark ” was msed to JB300 per annum in 1836. For his marble 
statue at Manchester, by Ckantrey, ^2,000 was subscribed; 
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uid, vImo in London, he was pteeented to WiLiam IV. by Lord 
Srangham, then Chano^or. In 1834 he was in Edinbnrgh, 
wham frmdi hononxe awaited him. The UniveniitT^ oonfetied 
upon him the degree of LL.D,; the Town CionnoU gave him 
pnblicily the freedom of the city, and he was elected a Fellow of 
the Boyal Society of Scotland. 

In the eeventieth year of hie laborione and ueeful life he had 
a panJytio etroke, which 1^ hia right arm poworloee, and also 
deprired him of epooch. Prior to this very year he had always 
enjoyed robnst health, and was fond of outdoor ozerciBo. Ho 
had made a yearly pilgrimage to his native mountains of Cum¬ 
berland and Westmoreland, and never failed to climb, with all 
a borderer’e delight, Skiddaw and Helvellyn. Every Thursday 
morning he was wont to ’devote to the old English game of 
bowls. He was methodically regular in attending twice on 
Sunday the meetings of the Society of Friends; and on the soma 
day for more than forty years he ^ned at the house of a friend. 
Dalton was “ a simple, frugal, strictly honest, and truthful man. 
For the independence, gravity, and reserve of* his character, ho 
was doubtless much indebted to his birth os a Cumberland yeo¬ 
man, and his long oonnection with the Society of Friends.” 

A second and third paralytic stroke greatly increased his 
infirmity, yet, singular to say, he was able to bo present at a 
meeting of the Council of the Manchester literary and Philo¬ 
sophical Society in May, 1844, when he was presented with on 
engrossed vellum copy of a resolution of that body, passed at 
iheir ananal meeting. It recorded “ their admiration of the zeal 
and perseveraneo with which he has deduced the mean pressure 
and temperature of the atmosphere; the quantity of rain for 
eaoh month and for the whole yeag; with the prevailing dura¬ 
tion and foroe of the wihd at different soasons in this neighbour¬ 
hood, from a aeries of more thorn, two hundred thousand observa- 
liena, from the end of the year 1793 to 1844, being the period of 
half a oentury.” 

Dalton rooeivod the resolntiou sitting in a chair, and was 
unable to artianlate a reply, though Us faoe expressed the 
deepest emotion. This was on the 19th of May, and eight days 
after, he expired. His remains were interred in tbo cemetery at 
Ardwick Green. Xfy his will he had left ^2,000 to endow a 
Dalton Chair of Chemistry in the Universliy of Oxford; but 
before his death he revoked the bequest by a codicil, for the 
purpose of bestowing the money on certain persons who hod 
befriended him in his earlier and more dependent years. 


THE LATH E.—V I. 

By Hehut NoaTucoTT. 

BlilDli-nBBTB: THBIB CBEB AKD ADVANTaOKB (continued). 
Tubeb is yet another form of slide-rest doaoribod in the old 
book I have mentioned, devised especially for the production of 
spheres, and this rest is worked out into a very neat instru¬ 
ment. To produce a spherical curve is, of course, no mure 
difficult than to produce a straight lino; indeed the former is 
Gie easier, but the requirements of the spherical slide-rest do 
not appear to have been so easily understood. In the spherical 
slide-rests, illustrated by Figs. 19, 20, and 21, tfiero arc two 
slides—a slide for prodnoing a dronlar movement, or movement 
around a centre, and a slide for obtaining a right-Uno move¬ 
ment, or movement from the centre. The whole of this rest is 
of metal, as the former ones are, and the lower part or baseplate 
A is made to fasten down upon the lathe-bed, the projecting 
piece B going down between the two cheeks of tiie bed to act 
as a guide in keeping the position of the slide, and it is held in 
place a oapstan-heoded bolt c, with a oross-ineoe or bridge 
spanning the lathe-bearers below. All this is much the same 
as in the previous examples of ordinary rests. 

The top pert of A is trued up and rendered very smooth, and 
also perfectly parallel to the lathe-bed surface when the rest is 
in place. Aoonn^ of workmanship, it may be remarked, is 
absolutely essential to ensure the satisfactory action of all 
kinds ef slide-reets. The baseplate a is rectangular, bnt its 
nppsr pert s is formed oironlar by merely turning off the 
eonters, and this toavee a oironlar plate with a true fiat 
muiaae. TTpon this oireiilar table ie placed a oironlar plate of 
of the same siie, and Ibis brass plate is fitted nicely 
jWtm usKm the other eurbwe: and by means of a oonioal pin 
^mg fhwngh Iht braes id«te and screwing into ihe pkle 


below, the two surfaoee are kept in close oontaot. The oonioal 
pin alM oots as an axis or centre around which the oironlM diso 
may rotate. The extreme edge of the diso should be graduated 
or divided into 360 for oonvenienoe of adjustment, by reading 
off the extent of movement of the diso, as oompa^ with the 
stationary plate below, which carries a sero mark sr line to 
enable the movement to bo easily compared. The broad edge 
of the diso is famished with fine teeth, so' as to convert it into 
a worm-wheel, and an endless screw or worm, with oorrespohding 
throad, is carried in brackets attached to the stationary part A, 
and is arranged to gear with the teeth on the edge of toe diso r. 
This arrangomont of worm-wheel and worm, or tangent-screw, 
is best shown in Fig. 21, which is a plan of too ontiro rest. 
From this view it will be seen also that the axle of toe tangent- 
screw is continued outwards towards the operator, and is 
furnished with a small winob-handlo, by means of whiohtthe 
screw is caused to rotate. The top surface of the worm-wheel 
is also rendered true or accurately flat, and two side pieces or 
cheeks, H, n. Fig. 19, are fastened down upon it, forming a female 



slide for the part k. The shape of theso'oheeks, and toe manner 
in which they are placed upon v, are plainly shown in Fig. 21, 
whore are seen the heads of the four aorews Vhioh axe ui^ to 
fasten the ohooks down in their places, x is a male slide, and 
it is oontinued upwards in a spir^ form, so as to terminate in 
a narrow edge snitable for oanying a entting tool. This form 
of support gives great solidity and is tatoer ingenious, bnt it is 
somewhat oumbersome, and is now disoarded. The slide pert 
of K is rather different from too slides previously iUnstiated, 
inasmuch as the male and female slides axe now reversed, bnt 
toe arrangement is clearly shown in too figures. The teverse of 
toe slide is brought about by means of a sorew, and toe top elide 
oarries a small pointer a. Fig. 21, whiqji slightly projeote ont over 
too slide cheek, the edge of which is graduate, ^ese gtadna- 
tiouB are for the purpose of adjusting the radius of toe curves 
to be predneed. The tool-holder portion of this slide-rtot is of 
a very simple oonstmetion. The tool is placed upon a narrow * 
edge, being the extremity of toe part x, Bad is hdd down by 
meaos of two (damps and setewa, n, h. 
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The action of this kind of 8Ud&.feBt is obviona from the 
Boretalflgiues, which not only illustrate the oonetrnction of the 
net, but its positioa relative to the work it is designed to 
ezeonte. It will be seen that the oentre of the slide-rest, or the 
centre of the axis aronnd wUeh the tangent-wheel F rotates, is 
placed immedistely underneath the oentre of the required sphere 
or curre; that is to say, a plnmb-line passing down through the 
centre of the sphere would also 
pass through the axis of the slide- 
rest. The tool being in its place, 
the depth of cut and the siso of 
the sphere would be determined by 
the movement of the slide k, which 
has the effect of regulating the 
distance of the tool’s point from 
the^ same plumb-line, or rather 
from the centre of the sphere. The 
traverse of the tool’s point, or its 
movement along the surface of the 
work in the required curve, is 
obtained by moving round the 
tangent-wheel F, carrying the otlior 
slide by means of the endless screw 
at the side. 

No kind of spherical slide-rest 
win produce a sphere from the 
solid at one operation, as a small 
part must be Mt as a support. In 
the example before us in Figs. 19, 



neck may be reduced in size, and after the ball is otherwise 
completely turned, the neck may be still further reduced in size. 
By using a sharp-cutting hand-tool and running the lat^ fast, 
the ball may even be Completely severed from the stock end the 
sphere detached in a perfect form. 

I have been at the pains to describe those old forms of slide- 
rest with some particularity, as it does not appear to be under¬ 
stood that the slide-rest is so old 
an invention'. Most writers attri¬ 
bute the invention to Maudslay, 
the celebrated English meohanii^ 
engineer, but this is evidently in¬ 
correct. 

Having the slido-rest,'which to 
a great extent sapersoded the work¬ 
man’s hand in the execution of t^ 
work, but still requited to be 
actnated by him, the next im¬ 
provement was to render it nn- 
necessary for the workman even 
to turn tho winch-handle, and to 
make the motion of the tml anto- 
matic by connecting the traverse 
screw in some way with the lathe- 
spindle or some part of the lathe 
mechanism. This is effected in 
varions ways, and one of the 
earliest schemes is shown at Fig. 
22. Tho motion in this case is 



20 , and 21, tho sphere is shown very nearly but not quite com¬ 
plete. The whole of the outside of tho ourve is dosciibod and 
cadly formed on tho material, but a small neck is shown by 
which the ball is oonnootod to tho main portion of the material 
frw whioh it has been out. In praotioe no inoonveuionoo re- 
toHb from the necessity of leaving a oonneotion, as the part 
anally left is extremely small. It is usual to leave rather a 
* Mok, BO l(mg as any heavy cuts remain to be token away 
the ball or any great strain put upon it; but when the 
heavy work is done had the fimahing out has to be tekeu, the 


derived from the foot by the means already mentioned, aad 
this motion is first given to an overhead shaft, whioh in tom 
drives the lathe-spindle through a crossed gut or oord aad a 
pair of stepped V-pnlleys. The overhead shaft oorriereanother 
stepped V-puUey, for driving a pulley which is placed upon the 
end of the traverse screw of the slide-rest instead of the usual 
winch-handle. The relative speed of the lathe-spindlo, the 
overhead shaft, and. the slide-rest sci-ew, oan be adjusted'by 
placing the gnts* npon tho varions grooves of the pnOeys, so that 
the fineness of the out may be reg^ted to the work in hand. 
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FISH CtrLTtJRE.—VI. 1 

Sj aiuivniiJs']rsKirsu. 

PXTBIUSKTS TO 7ISH CUI.Ttr{lX—B^BDIKO FONI>E) AT 
BTOBMONTI'IELD. 

U&. WniHBLU Habtman has contiibutod muoh valuable in> 
fonaatiou to the Transactions of the German Fisliery Society, 
and as hia languatre is simple aud his oouclusions oomcide for 
the most part with our own, while they give us the last mfoima- 
tion upon a snbjoot now of great European interest, wo give 
an abstract from his paper, making those comments wo deem 
teqnislte. 

Whenever the question of fish culture ooncems attempts at 
propagation which may bo usefnl for our domestic economy, wo 
always do best when wo closely adhere to natural history, and 
especially'to the history of the development tsf the object to bo 
treated. More than anywhere is this course to bo observed in 
fish rearing; and wo do not scruple to nasert that the various 
incorroot views on this branch of animal culture, the over and 
nader estimation of the importance which was attributed to it 
in respect to natural economy, that, finally, the comparatively 
not very brilliant results which have keen hitherto attained, 
.have mainly their grounds in the fact that trouble was not 
taken to study the nature, the development, and mode of life 
of the fish by personal observation and practice, or oven to 
obtain information frmn thoso who were acquainted with them. 

If we observe the propagation of salmon in natural freedom, 
as did Griiin and Bemy that of trout, wc see, in the spawning 
time the female ascends the river followed by several mules. 
At a suitable place she stops, hollows out a shallow, dcopening 
in the sand or gravel by movements of the tail, lays a heap of 
eggs in it, and swims further upwards. One of tho males, 
usually tho strongest, swims quickly there, aud sprinkles his 
milt over the eggs. The impregnation of tho eggs, then, oconra, 
not as with mammalia and birds, tlirongh the act of copulation, 
but only after they have been laid. Hero tho first loss imme¬ 
diately follows, os about 80 pergwut. of tho> eggs laid oro not 
touched by tho fertilising milt, tmd therefore cannot oomo to a 
development. A second loss oonurs almost at tho same time ; 
as those males which cannot attain to the fructification of the 
eggs fall upon them ravononsly aud devour a part of Giem; this 
may be reckoned at 10 per cofit. The remaining CO per cent, 
are exposed to the attacks of innuinorahle enemies to which they 
&ill a prey—fish, crawfish, water-mice, aquatic birds, etc., and 
lastly to bo frozen, such, of course, being only the eggs of winter 
-fish, to which, however, the most prouious sort belong. Thus 
there are about 30 per oout. hatched out of the eggs laid, but 
now tho destruction goes on seriously. Tlio eggs were at least 
somewhat protected by a tolerably tough elast^ cover, and the 
sand partly ooveripg them; tho helpless young, oniluVi. ontt'ary, 
lie three to six weeks wi^ the ipost easily-injured uuvol-bag 
without protection, exposed to their weakest enemies—small 
larvm, insoots, water-beetles—open on tlio gravel of tho bottom; 
and it will be well if, at tho time when tho little fish, on the 
absorption of tho navel bag, begin to swim about, to feed, and 
become solf-iiroviding, there remain half a dozen of those hatched 
out In consideration of such enormous losses, the task of fish 
onlturo, to which the somewhat inapidicablo name of artificial 
is given, becomes suirioiently evident. It consists in protecting 
tho material capable of development which Nature produces 
in a colossal quantity (a salmon, e.y., lays annually 25,000 
eggs) against tho losses to which it is oxpos^ in open waters. 
Of special importance is this ..fur salmon and trout, because 
with them tho most dangerous period—that of tho navol-bag— 
lasts tho longest, and also because these fish have a higher 
value than tho others. It is therefore natural that more trouble 
and a greater outlay of capital should bo applied to their 
increase. To those who take an interest in tho various details, 
we* recommend a jonmoy toProlburgh during the winter months 
to inspect iSio fish onlturo of tho Burgomaster Schioster.t 

Visitors to Snnbuty should inspect the nursery near the look, 

• Wilhelm Bartmonin tho Traiuacitcnvi of Out Germitn JPishery Society, 

1871. 

. t The agge of tWh wesa cUatrarated from Hnningnen with varions 
. Tha most aucoesatul place was WoUesbruimeu near Beidel- 
Ttssir. l%eM ere many looelities in Englaud whore tho tamo thing 
Wight ht fham if 8Sh ooltaxa west oaniod ont on a'scale in ooaijpaaiaon 
wttkhai 


in which Messrs. Bnoldand and Ponder reaz thek fish after 
hatching ont for the atooking of the Thames. Nniseries ahonld 
be oarefnlly watched, and this one, although of groat extent, ia 
covered with wire netting to provont tho kingfiriiers—who in¬ 
variably find ont where tho young of trout ate—^teom picking 
them up. The youthful jack is likewise an ihridions enemy, 
aud wUl introdnoe, himself amongst the young through any 
aperture which will admit an eel. Eels ore enemies of all fry 
of fish. Tho carnivorous beetle should be searohod for with a 
small mosh-uet amongst weeds. The larvie of the dragon-fly 
aro also very destructive. 

The Museum of Economic Fish Culture being an educational 
establishment, yet wholly supported by private onterprise and 
private funds, and without any apparent hope of Government 
aid, is tho moat oeoessiblo place to obtain every information 
upon fish culture. There is always some one in attendance 
who ia skilled in the process; and Mr. Frank Buckland is ever 
ready, either personally or through hia secretary, to reply to any 
queries directed to him relating to this interesting subject. 
The museum is, however, thcplaco for fish-hatchers to compare, 
note, and deduce useful facts. 

This is our oonolnsion with regard to many establishments, 
and that at Stormontfield especially, that we are breeding small 
fish for the big ones to oat. Wo fully agree with Mr. John 
Bichordson that tho kelts cat tlio patTs, bat hero we have no 
remedy, and Nature must take her course. 

Mr. Thomas Ashworth was one of the most distinguished of our 
pioneers of saltuon culture in all its aspects, and Galway the 
best managed aud perhaps iho most pruductivo fishery in the 
kingdom.' 

Mr. Bussel truthfully observes that whatever doubts may rise 
as to the good of introducing certain fish into rivers to wliich 
they have heretofore boon alien, and thus give the vested 
inhabitants of those rivers other comi>otitorB for tlioir food, 
there can exist none in regard to tho salmon, as'he is not a 
formidable competitor with any other species as to food, and 
moreover is the must valuable and desirable of all fish. Gf 
course there is, in the case of tho salmon, tho heavy drawback 
arising from its being uiigratory and vagabond in its instincts 
and habits ; but still much can bo done, aud not a littlo has 
been done, to increase the stock of salmon by semi-artificial 
propagation, and somi-domestio rearing, it is obvious that 
salmon ri0 ono, and before that, up to tho ago of puberty, urc, 
in their natural abodes, exposed to very great perils; thus, 
besides thoso onumcrated elsewhere, there ia tho loss by spawn 
being deposited during floods, when the rivers aro high, in 
positions where, when the ivaters fall, it is destroyed by frosts 
and drought, or trampled tinder foot of man or boost—ail evil of 
late very greaGy increased by the extonsiou of laud drainage, 
especially tho hill or open ^ainago, whioh causes the rivers 
both to rise higher and to sink lower and more rapidly. 

What breeding-ponds have already done and have shown can 
bo done, in applying a remedy at this point is strikiiig. Mr. 
Francis Francis gives us Gio early history of the oporations in 
tho breeding of young salmon at Btormontfield. A gentle slope 
from a mill-lode, running parallel with and sixteen feefabovo the 
Tay, was chosen, whenoe a snlfioient supply of water pould bo 
obtained. Three bundrod boxes wore laid down in twenty-five 
parallel rows, each box being partiy filled with clean gravel and 
pebbles, and protected at each end by perforated zinc. Filter¬ 
ing beds were fomed at the bead aud foot of tiie rows, and tho 
boxes were charged with 300,000 ova by the 23rd of Deoember. 
On the Slst of March the first ova were hatohed. A pond hod 
been provided for the fry; this pond was 223 fset long by 112 
feet in tho broarlest part. It was subsequently found to be far 
too small. By June the greater part of the fry were admitted 
into the pond, being then about on inohand a half long. There 
they wore fed with boiled liver daily, and, on the 24th. of May, 
or nearly twelve months after their being hatchlid, a largo 
portion of them having;,, assumed tho amolt scale, leftHhe pond, 
and oommopoed their descent ,to the soa, an equally largo 
number remaining behind, and showing no disposition to assume 
tho migratory dress of the smolt. Many of the smolts which 
then migrated were marked by the cuttitig off of the adipoao fln, 
and a large number of them were re-taken ascending &e river 
again, at varione periods up to Angust, in the form of grilse, 
and waiying in weight from 6 lb. to 9 lb., according to the ti^ 
thqr kad cemained in the salt water—4hiif proving the disputed 
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qneatioii M to 'tibte mte of growth the ulinos. From 1653 to 
1862 the boxes were stocked five Heveral timeb. One of these 
yeszs (1854) proved a failure. It waaiooud impossible to stock 
the boxes ofteper than every other year, owing to the limited 
aoeommodation for the fry. Great bonoflts must have accrued 
to the lb,y from these operations, but it was rendered im> 
possible to estimato them, by reason the prejudloe and 
ignorance of the fishermen, who failed to' send notice to Mr. 
Bnist of the marked flab re-captured, so that the proportion of 
fry that returned to tho river as grilse and salmon could not bo 
computed. 

PHOTOGRAPHY.—VI. 

By J. C. LEXEn. 

POSITIVK PEINTINQ. 

The production of positive proofs upon paper—that is to say, 
of pictures which have their light and shade in their proper 
and natural order instead of being reversed (as is tho case in 
negative pictures, snoh as wo have before described), is of 
coarse a matter of much importance ; ns those being tho final 
result of tho photographer’s oi)orations will afford tlio oi)portnnity 
of judging of tho success or non-success of his work. There 
often prevails among oven prufcssioual photogi-aphers an idea 
that printing a photograph is a very simple and easy matter, 
and frequently so little earn and skill ure expended in this 


make it for himself, we here give the requisite formula, in ease 
he should elect to do so, merely suggesting that without a 
proper room heated to a high temperature, he will find it a 
tedious and difitcult preoeas. With respect to the paper em¬ 
ployed, it should bo of fine quality, smooth surface, and of 
nftiderate thickness. Papers of foreign manufacture axe mostly 
used for photograpliic purposes, and the two varieties known as 
“ Eivo” and “ Saxe,” arc considored tho best and most suitable. 
Of those tho Bivo is best for portrait work, while for landscapes 
or pictures of large dimonsious Saxo is preferable, on SMSoonnt 
of its clearness and freedom from spots and other defects, Tho 
method of preparing the albumen is os follows :—Take of pure 
albumen obtained from fresh eggs, and free from yolk, fifteen 
ouiicoB, which place in a wide-mouthed bottle capable of holding 
at least thirty fluid ouncc.s. Dissolve in two or three ounces of 
distilled water one hundred grains of chloride of ammonium, 
and mix it with the albumen. Now carefully select and wash 
about half a tcacupful of small smooth stones, about tho sizo 
of peas, and placo them in tho solution. The bottle should now 
be carefully corked, and tho whole agitated until it is entirely 
converted into froth. 

Upon the perfect boating of the albumen tho success of the 
operation mainly depends, as, if this be not thoroughly effected, 
small shreds of membrane remain upon the surface of the paper 
i and cause streaks and stains. When thoroughly beaten tho 
, albnimm should bo xionred off into a tall vessel, and allowed to 
I Settle for several hours before use. The stones loft at the 


portion of tho work, that that which has been given to tho 
I>roductiou of tho iiogative is completely wasted. It is perfectly 
true that a good print may bo obtained by a person who is 
unskilled in making a negative, but it must bo remcinborod that 
tho chemical processes involved are as delicate and subtle os 
those employed in the first-named process; and, if pure, bright, 
and brilliant prints aro desired us well os permanent results, 
tho same caro must bo given to one sv-s to tbc otlier. As is the 
case with respect to tho production of negatives, there are many 
methods employed in making positive prints; hut, ftPt tlio sake 
of simplicity and alearness of description, we shall hero eonfino 
our instructions to tliose emjdoyed in what may bo termed the 
standard process—namely, that by wliich Ibo primts aro obtained 
upon olbumonised paper. In miilino ibis process is as follows. 
A shoot of paper of suitable quality is selected, and coated with 
albumen or white of egg, to which is added a suitable ehlorido, 
such os that of sodium or ammonium. After a few minuti<s 
the sheet is removed from this buUi and dried. In this statu 
it is totally iusensitive to light; hpt upon its being floatcil njiou 
a solution of nitrate of silver, tho chloride retained upon llio 
surface by tho idbumon combines with the silver in tho bath, 
forming a chloride of silver, wliich rajiidly blackens under tho 
sun’s rays. A sheet of this paper is placed under tho negative 
in a suitable frame, and exposed to the action of light, when 
of course those parts of the nogatiyc which are tho least < louse 
allow tlie rays to reach the sensitive paper which they darken ; 
while those which arc protected by tho opaque portions retain 
their original whiteness. This change is effected in exact 
proportion to tho varying sluides in tho negative; and tho 


bottom of tho bottle may he washed }uul kept for future use, as 
by cutting through tho liquid they materially assist the perfect 
miring of the albumen and the water and salt. When tlio- 
I roughly settled tho solution should k poured into a fiat dish of 
the required size, to tho depth of about half an inch, and care¬ 
fully skimmed by means of a slip of paper. A selected sheet 
' of jiapor should then bo taken by two of tho corners, and being 
I bout into a sharp cuiwc, the centre part should ho laid upon tho 
I solution, tho corners being allowed to follow gently down, taking 
I the utmost care to avoid air-bubbles. Of euurse, one side only 
I is coated in this way. and care mnst be exorcised in keeping 
tho albumen from flowing over the edges and on to the back of 
i the paper. After having remained upon tho solution about ono 
I minute tho sheet should ho removed, and suspended by two 
I corners until tiry. As wo have before remarked, tho albumen- 
ising of pnper is a difficult operation, and wo should advise tho 
1 operator to jirocuro that wliich is ready prepared, wherever 
possible, rather ibau underbike to perform it for himself. 

’I'he next operation will be that of sensitising tho albumcn- 
ised surface, and preparing it for the aotiou of light. Wo 
m:iv hero observe that although the paper will rapidly darken 
under the action of light after sensitising, yet it is not nearly 
so ^clijjj^pljfWRisitive as the collodion film bofoi% described; 
and consoqucid.lj much more light may bo admitted to the 
room in tlio former than in tho latter cose. The albumenised 
paper may be rendered sensitive by floating it for throe minutes 
I upon a solution prepared us follows —Take of nitrate of silver 
I five hundred grains, to which add ten ounces of distiUod water, 
I iHid dissolve. I'iltor and pour it into a flat dish to the depth 


n«nlt is a picture true to the light and shade of uaini-o. and of 
the most exquisito finoilcss and delicacy, both of outliuo and 
gradation. 

In this state, however, tlio picture is not only liable to fade 
from- tho darkening of the whole surface, but it is of an un¬ 
pleasant colour; the alteration of which necessitates what is 
termed the toning process. Tho print is well washed in order 
to remove any unrednood nitrate of silver which may remain 
upon its surface, and is afterwards immersed in a solution con¬ 
taining ehlorido of gold. lu this it rapidly assumes a pleasing 
Colour, which varies according to the time daring which tho 
aotiou is oontiuned. All that now remains is to fix the picture 
by removing the unnltored chloride of silver, which is effected 
by placing the proof in a solution of liyposnlphitH of soda. 
The proof must now be thoroughly washed to remove the fixing 
salt, when it will be romiy for mounting. Fi-om these remarks 
it win bo seen that althoutrh the prooeas of printing is simple, 
some Gate and skill are re(iaired in the vaiions manipulatory 
detafls, and these we shall now proooed to describe. 

Although it is soarooly to be expected that tho amateur will 
pioparathe slbnmen-ooated paper for his own use, seeing that 
it may aow be readily procured at a less oost than he oonld 


of half an iAch, and remove .my scum or dust with a slit) of 
paper ns before described. The p.aper having been out to the 
roquireii dimensions, should now bo laid face downwards—that is 
to say, with its albumenised side—upon the solution, proeisoly 
as directed for olbnmenisiug, and with the same precautions as 
to the avohlanoo of air-bubbles. Having remained upon this 
solution for tho spiuso of about three minutes, it should bo 
misod at one corner by menus of a pair of bone forceps, and 
griuinally lifted oonn)letoly off the solution. It should llicii bo 
well drained into the dish, and finally suspended by ono corner 
to dry, removing the lust drops of solution by moons of floating 
tmper applieii to tho lower corner. When dry the paper will bo 
sensitive to light and ready for exposuro in tlio printing frame. 

Tho printing or pressure frame gonoraUy in use is a very 
simple and inexpensive piece of apparatus, consisting of a 
frame of wood, into which is fitted a wiuare of thick pla^ glass. 
Upon tho edges of this enclosing frame aro hinge^ two or mqre 
arms of wood, into which screws aro placed in order to ensuro 
perfect contact between tho sensitive paper and tho negative. 
A backboard of wood, hinged together in ono or more places, 
is mode to fit into the frame upon tho plate of glass, ond tho 
screws aro then adjusted so os to soonio the whole in absolute 
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cxtataot. In order to print % piotnre, the negatiTe (having been 
firet oleaaed at the baok) is laid npon the plate glass face np- 
vrarde, in snob a position as to allow of the inspection of one 
part the piotnre while printing, withont the distnrbanoe of 
the other. A piooo of eeneitiTe paper rather larger than the 
negative is then laid sensitive side downwards upon the negative 
plate. A pieoe of felt (felt carpeting will answer) or a few folds 
of doth or blotting-paper are then placed over the paper in 
order to equalise the pressure, and onsnre absolute contact. The 
backboard is then placed in position, and the arms having been 
aeonred, the eorews are adjusted, and the whole tightly com¬ 
pressed. The amount of pressure required is not considerable, 
but perfect contact between the paper and the negative must 
be secured. The whole must then bo exposed to the action of 
light, either in the sun or in open daylight. If the light be 
good a very few mmntes’ exposure will produce a marked 
difference in the appearance of the paper, the unprotected 
portion becoming rapidly darkened. If the negative be of 
good quality and of average density, as soon as the edges of the 
paper show signs of bronzing, the pressure frame should be 
removed to a room in which the light is only moderately | 
brilliant, and one half of the bock unscrewed. The backboard and 
felt as well os the paper may now be turned baok, and the 
progress of the printing may be inspeeted. When the im¬ 
pression is slightly darker ^an is required in the finished 
picture, the paper may be removed from the printing frame 
and placed in a portfolio for further treatment. 

The requisite number of prints having been thus printed, 
the edges shonid be roughly trimmed up to the size of the 
negative, when they will bo ready for the further operations of 
toning and fixing. In trimming the proofs core shonid be taken 
td preserve every fragment of sensitised pajKir, as the whole 
of ^e nitrate of silvor with which it is impregnated is easily 
recovered, and of course valuable. A large dish should be 
provided, as well os a good supply of clean water, and if possible 
a largo pan or tub into which the washings (which will contain 
a good quantity of nitrate of silver) may be ponrod and pre¬ 
served. The dish should be about two-thirds filled with clean 
water, and the prints immersed ono at a time and well rinsed, 
of conrse taking care not to tear or iiijnre them. Wbon all have 
been thus treated, the first washing should bo poured off into 
the waste tub and the dish again filled, continuing the rinsing 
with the same precaution as beforo. Tlie second washing 
having been effected, and the water having been preserved as 
beforo, a third quantity should bo placed in the dish and a 
small quantity of common tabic salt added, which will convert 
any remaining nitrate of silver into chloride, an important 
point when permanency is desired in the finished print. If this 
third washing solntion be poured into the waste tub, it will 
assist in precipitating the nitrate of silver; su’^^ttor of which 
w® shall treat further on. - * 

It win be obsorved that tho proofs will have assumed a very 
nnpleasant colour under this treatment, most likely s brick red, 
and in order to remove this, they must be submitted to the 
action of the toning bath, in which they may bo brought to 
almost any shade which may be thought desirable. Tho toning 
bath is prepared as foUows:—Take of acotatoi of soda fifty 
grains, which dissolve in sixteen ounces of distilled water. 
Dissolve throe grains of chloride of grold in two ounces of 
distilled -irater, and pour the latter into the former solution, 
■tirring with a glass rod. This solution shonid be prepared at 
least twelve hours before use, and it may be used over and over 
again, merely adding small portions of tho last-mentioned gold 
solntion as it begins to work too slowly. It is, however, better 
to allow at least tho time we luivo mentioned to clapao after tho 
addition of tho gold before attempting to work with it. U this 
preoantion be neglected it is very apt to work irregularly, espe- 
oiaUy if the quality of the paper employed be not of tho best. 

Having ponred into a deep dish enough of this toning solu¬ 
tion to float the pioturea freely without tonbhing each other 
(say about two inohes), prooood to remove them one at a time 
from the water into tiie solntion, thoroughly soaking each ono 
before^e n^ is introduced. Not more than five or six should 
toned at onoe nntil the operator has acquired some ex* 
perienoa at this kind of work, or some will inevitably be spoiled 
by over or unequal action, liie proofs must be kept constantly 
moving, and be oontinnsUy tnmed over and separated, for 
whewm they adhere the toning action will stop, and ugly 


red patches will result. In a few minates the toning process 
will be observed to have commenced, the proofs gradually 
passing &om a rod to a brown tone, then from brown to pnrple, 
aiid finally to blaok and grey. The coloration of the proofs 
shonid be allowed to oontmne nntil rather more advanced than 
is required in tiie finished print; as the fixing process will 
restore a littlo of the original rednsss. When the toning is 
judged to have proceeded to the required extent, the proofs 
shonid be removed to a dish or pan containing clean water, and 
thoroughly washed, in order to remove the gold solution and 
stop its further action. If tho whole batch of prints have not 
been toned at onoe, tho remainder may now be operated upon 
as before described; leaving the first Intoh to await the fixing 
process nntil' such time as the whole are ready. The great 
evils which the operator has to grnard against in this prooess 
are unequal and over-rapid toning, neither of which he is likely 
to encounter if tho directions given above are strictly carried 
out. In very hot weather tho bath frequently works very 
quickly, and when this is found to bo the case it may be freely 
diluted with distilled water nntil it becomes easily manageable. 
If, on tho other hand, it works too slowly, it may be warmed to 
sixty or seventy dogreos, and in very cold weather it mnst be 
kept folly supplied with gold, when qniok working and brilliant 
tones aro desired. 

The proofs will now bo ready for the fixing process, whioh is 
one of the utmost importance; as the permanency of the work 
depends very much npon its proper performance. Tho solntion 
used for this purpose is ono of hyposulphite of soda, which is 
made in the following proportions ;—Hyposulphite of soda six 
ounces, common water ono pint. For use pour into a dish 
enough to freely float the prints, and keep them moving therein 
at least fifteen minutes. 

Tho groat point to be attained in this process is to subject 
all parts of each proof to tho action of tho hyposulphite solution 
in order to remove tho whole of tho sensitive silver salts, con¬ 
sequently the prints must bo kept constantly in motion, tho 
iffanipulation being precisely similar to that above described os 
required for tho toning process. As soon as tho fixation is com¬ 
pleted, the prints must bo thoroughly washed in as many waters 
as may be oonveniont, in order to remove the whole of the 
hyposnlphite. As may bo imagined, this is a diflicult matter; 
but it is ono npon whioh the success of tho whole dox>ends. ITio 
smallest trace of this salt will, if loft in the print, inevitably 
destruy it sooner or later, and consequently its removal as com¬ 
pletely as possible is absolutely essential. Many mechanical 
contrivances have been introduced from time to time to effect 
this, but practical experience has proved that nothing is so well 
adapted to tho work or so really effectual as proper washing by 
band. After as many as ten washings have been given, directly 
after tho prints have been taken out of tho bath the whole 
batch should be placed in a largo pan to soak for some throe or 
four hours. They should then bo theroaghly washed and 
dradnod for some minutes, and again immersed in clean water 
for a like time. After this treatment has been repeated several 
times a final rinse should bo given in water boated to about ono 
hundred dogreos ; when they may bo blotted off and dried for 
mounting. 

Tho operation of printing may now be considered as completed, 
and tho proofs may bo monntod as tho tasto of the operator 
may suggest. In concluding this section of our subjoct wo may 
offer Bomo suggestions upon one or two points connected with 
the printing process. In the first place, where really first-rate 
work is required, the sensitising, exposure, toning and fixing 
prooessos should all bo performed upon the same day; cspeoiolly 
daring the hot months of summer. Secondly, the'strength of 
tho nitrato-of-silver bath is a matter of vital importance, and 
as it is rapidly reduced when in nso, it must be oonstemtly 
replenished wi^ fresh crystals. The disooloration whioh will 
oconr after floating the paper may be removed by agitating 
after tho addition of a little kaoUn or China day. The utmost 
core mnst be exercised in order to prevent any contamination 
of the paper, prints, or chemioslB with the hyposulphita of 
soda; and more paiiioalarly is tllia caution neoesaary 'with 
respect to the toning bath. 

As in the ease of the oollodion prooess, we have here (unitted 
all roforenco to failures, leaving these and their remedies for 
oonsidoiation in our next articl^ as well as some modifloations 
of the printihg processes whidt axe aonmtimea requited. 
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MININa AND QXJAERYING.—XIX. 

BT ffBOBOB aiiADSTOHB, F.0.8. 

OOPPEB. 

ABVHDANCB AKD DISTBIBBTION OF OBSS—HOW MnfBD— 
OHBMIOAIi OOHPOBITION of PBINOIFAL OB1C8—DBB8SINO 
—ABBATINO. 

Uhukb tin, with whioh metal it is bo mnoh oBBOoiated in Dcvon- 
ahiia and Cornwall, copper is Tery widely distributed in Katnre. 
In the Britieh IbIob the principal lociditieB where it occurs, 
besides those already named, are North Wales and Ireland ; 
but the ore has at times been worked to a oonsidaiable extent 
in Staffordshire and Shropshire also. Many of the richest homo 
mines have boon worked out; and it is beyond a doubt that wore 
it not for the largo foreign euppliee, the price of pure copper 
would have risen considerably during late years, instead of 
having declined, as has been 
the cose. 

Very rich deposits have 
been discovered from time to 
time in various parts of the 
world; and as the facilities 
inorease for convoying the 
ores to the places of shi{i- 
ment, those foreign supplies 
enter into comiKstition with 
those of the^British mines. 

Cuba, Spaii^*Italy, Australia, 

Chili, the Cape of Good Hope, 
and other countries whioh 
have the advantage of being 
in easy communioation with 
England by son, all supply 
ores in large quantities; and 
several others would also enter 
into the competition, wore it 
not for their loss favonrablo 
sitnation. Siberia, for in- 
stanoo, posBOSses very exten¬ 
sive deposits, and so does tlio 
interior of Canada, whore in¬ 
deed there are some of the 
most remarkable known. 

The ore generally ooonrs in 
lodes or veins in the iiahoozoio 
and motamorphio rocks; and 
so far as English mining is 
conoomed, the most typical 
examples of mining for copper 
are to bo found in Dovon^iro 
and the adjoining county. The 
Devon Great Consols mine has 
been in late years the most 
Booeessful of all the copper 
mines in that district; but 
there are several others whioh 
are oonduotod on a very large 
scale, and whioh have yielded 
‘immense retnma of ore. 

plan upon whioh cop¬ 
per mines are managed underground is so rimilar to that 
slready desoribed nnder the head of “Tin,” in Artiole XV., 
tliat little need be added; one or two additional partionlars 
may, however, serve to give an idea of the m^itnde of 
some of these works, and a more intelligible one of how they 
®*e carried out. The adit level, and the purpose for whioh it is 
Blade, have been desoribed. A general system of drainage, 
common to the whole of the district, is sometimes adopted by 
miners; and snob adits as these are grand speoimenB both of 
human industry and engineering skill. Thus, the Great Adit, as 
it is called, whioh oarries off aU the superfluous waters from the 
Biines of Bedruth and Gwennap, is (inolnding its branches) 
about thirty miles in length. * It ndky readily bo imagined, too, 
that the most powerful machinery must be required to pump up 
the water te the adit, from the bottom of the deep mines, such 
*■ Tresavea, the workinga in whioh have already been 
Mrried to a deptii of more than 360 fatiioms. Indeed, ever 
^Bos the appUeatioB by Watt of steam to pumping maobinery. 


the Cornish engrinea have been celebrated for the amount of 
work they perform in proportion to the consumption of fuel; 
and a hea^y rivalty in this partionlar is m si n ta i ned by regis¬ 
tering ^e duty of the seveial engines, and pnblisldBg the 
results periodically. 

The quantity of timber employed underground is prodigious. 
SomotimeB baulks of timber are fixed orosswise between the walls 
of the lode, to prevent them from collapsing, as in Fig. 13; but if 
the rook is tender, the galleries are timbered ia a more me¬ 
thodical manner, as shown in Fig. 14. The shafts are frequently 
divided into segments, and lined, and ttie boxes for raising the 
ore mode to run in grooves, as is commonly the ease in deep 
coal mines, but the old-fashioned kibble or bucket is still in use. 
Fig. 13, already referred to, illastrates a part of the workings in 
the Fowey Consols Mine: the wide space has been worked eat, 
because there the lode indicated sufficient promise of ore; but 

the next portion, being lees 
encouraging, has been loft, and 
a gallery no larger than is 
necessary for the purpose of 
exploration has been driven 
through it. 

Copper occurs in Nature in 
several oombinations; but the 
ores of commercial value may 
be reduoed tO' tureo classes— 
the sulphides, the oxides, and 
the carbonates. The former 
includes the grey and yellow 
ores, the grey being compora- 
tivoly rare, while the yellow 
is the most prevalent of all, 
being familiarly known ns 
copper pyrites. Though con¬ 
taining usually but a small 
percentage of metal, it is the 
ore upon which our miners 
principally rely. The oarbon- 
ales may also be distinguished 
by their oulours; the blue is 
termed azuritc, and the green 
malachite, by mineralogists. 
The green variety ia the best 
known, on account of its 
capacity of being out and 
polished, when it furnishes a 
highly ornamental stone, the 
variutios of tint and the oen- 
oretionary forms displayed 
being very boantifal. 

The grey cuprous sulptiido 
(Cu,S) should contain theoreti¬ 
cally 79‘8 per cent, of copper, 
hut it is rarely altogether free 
from other minerals. It not 
nnfrequontly includes a eon- 
sidorable proportion of arsenic, 
iron, and silicon. The yellow 
sulphide, commonly called py¬ 
rites, ia a compound of the 
former with the fortio sulphide (Fo,8,), so that it rarely contains 
more thnu about 10 per cent, of metallic copper; butittoqucntly 
occurs in such large masses as to make up by quantity for the 
comparativo lowness of its produce. ThoParys Mine, in the Island 
of Anglesca, whioh proved exceedingly remunerative for a long 
term of years, consisted of this enproso-ferric snlphido alone; and 
80 greatwasthe mass of ore, that huge caverns, extending through 
the Parys Mountain in all directions, remain to attest the bulk 
of the ores whioh wore removed during the period of the mine’s 
prosperity. In foreign ports also there are several equally ro- 
luorkablo deposits of this particnlar ore. Tliat of Bammelsborg, 
in the Harz Mountains, is believed to have boon worked^nin- 
termptedly for the last 900 years. The term lode would be 
equally inapplicable in this cose, for the mineral forms a solid 
moss, increasing in width as you descend from the Burfi^e, so 
that the supply seems to be practically illimitable. It is not 
only of value for the copper it oonteins, but it supplies the 
material for the immense sulpharic acid manufsbotories of Oker. 
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Pomaron and somo other phvoea in Spain and Portnoi have 
tdmilar massive deposits of this ore, which are quarried and sent 
toNewcaatloin lor^c quantities for the same purposo tis mentioned 
In Artide XI. of “ Chemistry Applied to tlie Arts.’’ Tlie mines 
of Cohre, in the island of Cuba, are of a similar chnrnotor; and 
those of Fahltm, in Sweden, also contain very largo masses of 
fSiis same ore, associated with other valnable minerals. 

The oxides are commonly distingnished ns the black and red 
oxides, and bavo the constitation of CuO and Cu,0 respec¬ 
tively. "ITipy rarely occur in largo masses, but are generally 
more or less mixed with other ores; wherever they do occur, 
however, they greatly enhance their value, on account of tho 
large relative proportion of metal which they contain, tho theo¬ 
retical per oenlages, according to the abovo formnltc, giving 79’8 
of copper for the block, and 88'8 for tho rod o’xido. 

Tho oarhonatcB, however, ore io bo hjvl in much larger quan¬ 
tity, and they form a considoraWo proportion of tho rich ores 
which are imported from abroml. In luldition to the Siberian 
malachite, which has been already referred to os an ornamental 
article,' 'thn green carbonate of the cheznioal eonstitution, 
CuCOjCuHjOj, was the prevailing ore in tho celebrated 
Burra Burra mines of South Australia, from which nearly threo- 
qnarters of a million’s worth of ore was raised in tho ftrst five 
years that tho mine was worked. 'JTio same kind of ore is found 
in Western Afriea and other parts in large qnantitios. It 
shcnld contain theoretically 57’4 per cent, of metal. Tho blue 
oarbonato, or aznrito, coiituiiis a double portion of tho CuCOj, 
and yiold.s, when pure, 6o'2 per cent, of copper. It is, however, 

not BO commonly diifnsod as 
tho green variety. 

Copper also occurs somo- 
timea in the motalUo state, 
when it is called “ native 
copper.” Tho largcBt masses 
that hare been known to exist 
have been found on tho north¬ 
ern shore of liiiko Superior: 
onoafthesomaBHesiseBtimatod 
to weigh 500 tons. Tho ad¬ 
vantage of finding such riohes 
as thoBO is not, however, alto- 
Fig. 14.—TJKBEBB SUPPOBTINO WALES gothcr without its drawbaoka, 
OP LOPE. ag thoro is mnch diflioulty in 

removing such huge pieces of 
metal. Of oonrso, they are not nnmixed with stones of quartz 
or other minerals, -wliich render it diiiicnlt to reduce them to 
fragments by meajis of chisels, while on tho other band, tho 
metal being tough in its naturo, cannot be romovod by bias-ting, 
as tho ores oaii. Tho native coppev.rt**l'’roo^Br, requires subao- 
quent treating, as it contains other ingfod8hrwi«l5(gjdo8,earthy 
matters, and not nnfreqncntly other metals, whienmast bo se¬ 
parated in order to produce a jiuro article. 

Tho Rpcoial iiiRtancca which have boon cited are snlScioni to 
indicaio the gonornl abundajice of copper ores in different ports 
of the world, but however rich ‘tiioy may he, 'they compete 
with difficulty with tho comparatively poor ores of this country; 
and the question of supply is one mnch more nicely balanced 
than woeld appear at a cursory glance. Many of tho Anstrolian 
mines, for inatanco, including oven the oolobratod Bnrra-Bnrra, 
were closed on the rise in 'tho price of labour when tlio gold dis- 
ooverics in those colonies took placo; a moderate advance in 
freights would render many other foreign mines no longer remu¬ 
nerative ; while, on the other hand, there are many mines in 
Cornwall, now being carried on at a loss, which would yield a 
profit were only a slight advance in tho copper standard to take 
place. SjHKjnlatious, however, as to tho probable oourae of 
prices in the future are worse than usoleBS in respect of an 
article which can be supplied to a groalor or less ex-tent by 
almost every country on tho face of tho globe. 

Let us turn -to what has to be done to tho ore on its arriving 
at “ grass,” or in other words, at tho surface. Copper ore is 
not^BO intimately mixed with the gnngno as tin, so -that the 
pieces which are 'too poor -to be worth smelting can readily bo 
inoiked ont. This is done by young girls at an almost nominal 
rate of wages, and tiie deadf, os the waste is oallod, are thrown 
on oho side. ■ The larger Intaps are broken up— spalled or eohhed 
—by ivomen, lest there should he any valuable ore inside the 
orto dotooh tiie ore from a sup^nilyof worthless stuff, 




or dredge. It is then picked over by the elder girls, who separate 
the ore, called prills, from the rest, and at -the same time break 
up tho mineral with a hammer of a porticnlar form, termed a 
bnoking-iron, nn-til it is reduced to pieces not exceeding the size 
of a filbert nnt. In some of the togor mines this is done by 
passing tho prills between a pair of rollers revolving izropposite 
directions, and which are worked either by steam or water 
power. It is then jigged or huddled by being agitated under tho 
surface of water, so that tho smaller fragments of spar and 
other earthy material may be romovod, and tho ore, which is of 
greater specific gravity, remains behind in a clean state. 

When a very largo qnantiiy of ore is raised it is found ooo- 
nomieal to lift the ore from tho shaft to an olovated platform, 
and disohargo it from tho kibbles or boxes over a series of 
Bcroena having tho moslios of difibront widths, so that tho ore 
may nt once be separated into three sizes; the largest lumps 
which jiosa over tho soroons of four inches’ mesh, aro -termed roeks, 
and have -to bo spalled; those wliich pass over tho inoh and a half 
soreona are classed as roughs, and pass at once to tho bnokors, 
or if they are -to be crushed by machinery, aro only picked over 
first; the rest oonstituto tho smalls, which are at onco jigged 
under water on a sieve of one half-iuoh mesh, and those portions 
which do not pass through tho sieve are added to tho roughs pre¬ 
viously described. 

When tlio ores are dressed they aro mode up into piles, from 
which samples aro taken and given to tho ropresentalivos of 
each of the smelting works that they may make their assay pre¬ 
paratory to the tiekoting <laj% the mode of sale of copper ore 
being similar to that of black tin. Waeh sample contains a 
pound and a half of oro. Tlie processes required for a proper assay 
of copper oro are much more complicated than those of tin ore, 
for which reason fuller details must bo given. Tho plan to 
bo adopted'depends materially upon tho chemical constitution 
of the oro which has to bo dealt with, and tho projiortion of 
foreign matter included in it. That tho l-attor must exercise a 
oonaiderablo influence is suffieiontly evidenced by tho fact that 
tho average samples of British ores only contain about eight 
per cent, of melallio copper. 

The oxiiioR and ciu'bonatcs wo most rciulily assayed; and 
more csiiocially so when they contain no other foreign metal 
than iron. Those aro eonsiderod first-olass oros. A certain 
quantity is finely pounded in a mortar, o.arofu]ly weighed, and 
mixofl ivith about three times its weight of a suitable flux. Tliis 
mixture is put into a ornoiblo, inserted in an ordinary assay fur¬ 
nace, and raised to a rod heat. ’The crnciblo is left uncovered at 
first, and the door of tho fnmaco is kept open until -the contents 
of tho crucible aro fused, when they ore boUi closed, and tho 
damper drawn out so as to raise tho fnmaco to its full heat. 
Witlun a quarter of an hour from this time tlie copper is 
reduced, when -tlio cmciblo is withdrawn; and. as soon ns it has 
sniUciently cooled, tho button of copper is token out and weighed. 
If tho ore bo poor, it is desirable, after the first fusion, to nrld 
to tho flux somo sulphur and borax in equal proportions, to 
separate tho rogulus from the slag, and submit the former to a 
second fusion, until aU tho sulphurons acid ia driven off. Tlii.s 
gives a more accurate result than the single fusion, when there 
is a large proportion of earthy matter. 

Tho common pyrites (cuproso-forric sulphide) forms an ore of 
the second class. In treating this, tho tost objoot is to reduce 
tho ore -to a rogulus, by fusing it with borax, which separates the 
earthy portions; and then to detormino the amount of metallio 
copper in •tiio regulns itself. This having boon soparated from 
tho slag, is re-hoated for the purpose of driving off all tho sul¬ 
phur, with which objoot it is at tost only moderately heated iu 
an oponcmcible, and kept stirred, so that all tho contents of the 
cmciblo may be brought into contact -with the air. After n 
sufficient quantity of oxygon has been absorbed to convert tho 
copper into an oxide, tho -temperature is raised -to drive off tho 
remaining sulphur, and this is kept up un-til the whole of it i® 
expelled. The oxide of copper thus obtained is lastly roduejm 
to the metallic state, in the manner already desoribed for the 
treatment of first-class ores. 

The assayer has, however, very often to determine the toIuo 
of samples that contain other metals besides those whioh have 
been already referred to. These mixed ores are_ genewly 
ranked as tltod class. The prineipal ingredients r^ainst whien 
he has to guard himself ore arsenic and ^eninm. The 
dated ore is first roasted in a fnmaoe t a mil a r to tiiat abov 
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namfld, for tho purpose of driving oflf tlio greater part of the 
sulphur. This is then roasted a second time with a flux con¬ 
sisting of borni, lime, and fluor spar; and then again with 
bitartrato of potash, borax, and chloride of sodium, at a high 
touipetature, until the reduction of tho metal is eompleto, Jio- 
foro weighing the button tho slag should bo carefully pounded 
in a mortar, in case any motal should come away with it, and 
if it docs not appear dean and bright, it should bo re-molted 
with a little nitrate of potash. 

During those several procosaos there is some slight loss of 
metal, whioh becomes a very appreciable amount in an ore of 
low percentage ; but os a matter of practice the loss thus sns- 
tainod is about equal to that which is unavoidable in smeltiiig 
on a largo scalo, and tho resnlt obtained is a very safo criterion 
for tho smelter. Assays taken by tho wet way, as it is (“allcil 
by chemists, are far more exact, but they indicate a poreentago 
of ooK>or which can never be realised in any smelting works. 

MUSEUMS : THEIll CONSTRUCTION, 
ARRANfJEMENT, AND MANAGEMENT. 

BT SASIUKa HKJIILEY, B.Q.S., ETO. 

V.—CLASStFICATION OP EXIHHITS (oonliinifJ). 

We have next to consider in what order the various nations 
taking part in tliesp exhilutions should lie ranged. To avoid the 
invidious olHco of atloniptiug to place tho countries ace,oi\iing 
to political preredeueo, an alphabetical order has hitherto bw'u 
adopted in llwnrtj, whilo irt 'jrractice tlio most powerful have, 
under diplomatio inflnoneo, generally managed to secure tho 
foremost plocio. If, however, an attempt were uifi.de to range the 
eoiitribnting countries according to their gcogrn]ihical X’osition, 
in 1 elation to olimatal influences on their produce and resulting 
trades, wo should got at an approximation to a iiatund classifi- 
eation by taking Holland for a htarting-peird, on tho t’ontinnnt. 
as having a climate of average character with our own country; 
then following tho coast-lino round tti the Mediterranenn, 
striking npivards to the north, and roturning in zigzag order 
to the south, wo should pass from Russia on to Asia, from 
thence to Africa, Australia, and America .South n.nd North. Some 
such scheme might bo elaborated tliat sliould not offend tho 
prejudices or snacoptibilitic.s of tho truly gi’eot Powers. It is 
a question as to how the colonies of our own and «ifher countries 
should bo placed, so os best to allow the '-ivilisiug inflneneos of 
parent races upon acquired territories, 'nia.s, it has boon usmd 
to range tho various colonies in alliance with countries from 
whioh they ani offshoots. Thus the jirfiduco, etc., of Canada 
was allied to English exhibits, and so on ; but might it not lio 
bettor <0 connect it with America? dV'o should then have 
under Amebica —tho United Staten, Rrltish Ainoric.'v, and so on. 


OBBER OP NATIONALITIES POB SliU-liIVISION OF Ol.ASSrs. 


Gbeat BarruiN, 

Ikdia. 

j Hbazii.s, axi) Ai.t I’ n 

HOLlANJi. 

tli:vi.oN. 

1 S. A'lEElClIt (Jo?.- 

BKLOtVU. 

ClItNA. 

1 THIBITTORS. 

Pkance, 

jArAN. 

UllITISU ftlllAKA. 

PoimiaAi.. 

ETC. 

i 'Ditcii „ 

. SrAis. 


Puirscit „ 

Itaw. 

MABorro. 

Ecuaiior. 

SVTTZXBXrAJTDs 

Aiaiub.a. 

CoLUmniA. 

Austria. 

Tcsis. 

V ENKKTOLA. 

Gxehakv. 

Borrr. 


UiatiiAiiE. 

Natai.. 

[ WEsr Ini IKS. 

Noewat. 

Cave Colosy. 

i 

SwxDKir. 

lETC. 

1 Cewtkai. Aueuica. 

Bussia. 


Mexico. 

Tombv, 

Adstbaiia. 

irKini.ti Stvti:s. 

Asia Kinob. 

1 Tasuasia. 

Ai.aska. 

PSIISIA. 

KKW ZEAEANn. 

llBinsu Aaiebica. 

SiBSBIA. 

i 



The idea of arranging the oontribntions to an intcmiilional 
exlnbitum oaeording to the sojicnio hero doflne<1 seems, I And, to 
have originated with the Society of Arts, for at a special moet- 
•hg oi the Couacil held on Wednesday, tho 14th of April, 1861, it 
“ Resolved—^That the first of those ozhibitious ought not 
“ he a repetition of the Exhibition of 1851, whioh must be 
*egMded as a special event, but should bo on exhibition of 
^™fks seleoted for oxoellence, Rlastrating espeoially the progress 


of industry and art, and arranged according to classes, and not 
countries.” 

In consequence, however, rf tho opposition expressed to this 
common-sense snggostieii, by the representatives of iufluciiiial 
Continental eonntries, this resolution was not carried out, and tho 
system of courts and dopartmoiits was again adopted in 1862; 
and at tho Exhibition of 1871, neither one system nor tho other 
was adopted, but a mixture of tlie old plan with the new ideas, 
which led to “ confusion worse coiifoundod.” It is, however, 
to bo hoxied that in 1S72 the sj’stom announced by tho Commis¬ 
sioners for 1871 will bo insisted on and carried out with firm¬ 
ness. It i.s a question whether thi; system might not in certain 
ca.'ses bo modified at tho di^icretion of the .superintendents of 
classes and their committees of s'‘lnetiim -viz., as to whether 
sub-divisions according to countries might m i bo applied with 
advantage to the groups constituting a das-'. l!ms, in tho 
clas.s Toijrescntlng philosophical instrument.^, mneh valuable in¬ 
formation might bo obtained by bringing the telcHcopes, with the 
systems of mounting astronomical instruments hi various coun¬ 
tries, into one group, so as to facilitate direct comparison as to 
points of constmetion, jirico in relation to workmanship, etc.; 
so with mieroKooiios, llieir accessories and niethodrf of mounting 
I'bji'cts; while, on the other ham), in ihe educational department, 
it Would bo better to let each country illustrate in tho most 
conqilcte manner attainable its sirficiiil system of education, 
and apfiliances for teaching all branehes of knowledge, whotlicr 
ndajitcd for tlie infant sebool or the college, ami the scientific 
axipliances of tho cdueationnl di'partment migl.tform a connect¬ 
ing link with the class rctircsenling iihilosophical instruments, 
etc., of a higher order. 

It is intended in future that the makers ( f certain %iarli of 
on article may bceoiro exhibitors: tlius, a watch is made up of 
many X'arts, which are manufactured by di tlnot brauchos of 
the trade; .so. workmen who make w.s tch-sjirings, wheels, fusees, 
oscaijeme.ut.s, dittl-jdates, cases, and tl'.e iinmerous xiarts that 
make mi tho whole of which a, walcb is constirutcJ, may 
ilisx>lay their skill independently of the '• watelimal.er ” who 
jmts together rir .sells tlio xierfect instrument. So in tho fine 
art dei'iirtmcnt, ‘‘Tho art.i“l may exhibit a vase fer its beauty 
of X'aintiijg, or form, or arti-stic invention, ivhilo a pimilar 
vase may a]ipcar in its aiiproiiriato idaco among niannfacluree 
on acenunt of its ehciipness or tho novoHy of its ajtxicarance,” 
for “it is iniended that these exliibiliona hbii’d furnish tlie 
opiiortunily of stimulating tho revival of the apxilieation of tha 
I artist's talents, to give beauty and refinement to every de«crii)- 
I tion of obji’ct of utility, whether di mc.-tio iw monumental.” 

J Through the increase of i.bj,'cts that may liy this rule b« 
j exhibited, tho fear of oveijo aiiiiig the g.allories ^vill bo avoided 
! by the judicioaajj|j^rt!HlHopteil in 1871, of r.idy admitting such 
articles mailBvnii^si'd under the supervision of a cominitteo of 
selection for tlU' gr.iup under winch they are classified; and, 
further, by the equally judicious regulation that exhibitors will 
only bo allowed “ to send one specimen of each kind of object 
they manufacture,” thus x'rcvcnting a rejictition of those shop- 
wimlow-liko disidays of duplicate x’airs of boots, shoes, pioklo 
bottles, jiuu iio^s, mqstard can.s, etc., that certainly could only be 
regarded as good mediums for advertising and not of instruction. 

Valuable spare will likewise bo saved by H.M. Commissioners 
I I'rovidiiig Hie glass eases and stands necessary for tho display 
of objects, .and tho uppearanee of the galleries greatly huiiroved 
by the nniforiiiity of aspect an,! design. The same aiiplies to 
tho suiqily of motive piower for m.aehinory, etc., or the use of 
gas, (ire, steam, or wabr. 

Tho method of mak'iig tho exhibitors supxily the reeessary 
matter for tho oatnlogiii‘.s. and tho catalogues in turn furnishing 
tho materials for the laliels to ho attached to each article 
exhibited, is a novel principle that strongly recomraends itself to 
those who have tho systematising of imblic imiseuius, etc. 

In the forms sent to manufacturers invitcil to contribute to 
tlie Exhibition of 1871, will bo found the folloniiig regulation 

XII. To every oliject, when exhibitoil, will K> aftiichoil a labei^pm- 
pared hy Her MuieBty’a Commissiouars, wIulIi will eoulaia the follow¬ 
ing particulars i - 

1. Tho name of tho object. 

2. The exhibitor's name. 

3. His address. 

4. Tho name of the designer or aotnal maker {iffkc mhibUor 

plcOMt). 
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5. The roaaoni why it ii exhibited, euoh ee ite 

Novelty, 

Soeign, 

Excelieuoe, 

' Choepneeii. 

6. The price. 

y. Ally explBnations, euoh aa the materiali of which it is 
composed. The purpose lor which it is inteoded. 

It will be found, howeror, that in praotioe the details were 
confined to the name of object, price (when given by the 
exhibitor), and the exhibitor's name, which, as a rule, would bo 
found sufficient, if supplemented in the catalogue by an index 
of contributore, with their addresses and record of hononrs 
acquired at provious exhibitions, and the biographical notices 
of all artists and producers announced in the preface to the 
catalogue of the Exhibition of 1871. Thus, if Ihrofessor 
L. Knaus contributed many pictures, and they wore disiriJ)uied, 
it will bo seen by the annexed example that tfui repetiiian of tlie 
bibliographical matter would a<id materially to the bulk of tlio 
catalogue, when snoh a system was applied to other exhibitors. 
7. A SHomtAKEa’s Wike, with heu Child ahd ah Apphestice, 

WATCHIHO A Moose ih a Tjiap ... ... I’m/, h . KSAVS, 

OKaHANT. 140, Vuidmrijer SlrasM, Ihutdiorf. Born at 
’Wiesbaden; pupil of the Dnssoldorf School of Art: 
Member of the Bavuriau Order of Maximilian; Officer 
of tlie Legion of Honour; Knight of the Ordor of the 
Bed Sogle, .‘Ird Class; Knight of the Order of Francis 
JoBoph; Knight of the Ordor of Leopold; Knight of the 
Order of Adolphus of Nassau -, Member of the Academies 
of Berlin, Vienna, Stockholm, Amsterdam, Munich, Ant¬ 
werp, Brussels. First Class medal, 18.'S5; Orond Prise, 

1807.• 

But if such details were given in the Index, obce would 
suffice for all, (uid tho information would be useftd to the public 
and tho exhibitor alike. Thus— 

INDEX. 

Same. Biographical Nolioe. Nwmhtr. 

Bonhxuk, Mdllo. Marie Bosa . . . 1141, 1142, 1326, 1327 

France. By, Commune de Tltomerij, Seine- 
et-Mame. Bom at Bordeaux; pupil of K. 

Boaheur, her father; First Class Medal, 

18SS; Clievaliire of tho laigton of Honour, 

1865; Second Prize, 1867. 

While in tho body of the catalogue this artist’s works would 
Stand thns:— 


EAST GALLEKIRS (nOOMB XIX. AND XX.), FRANCE. 

Nome. Snhjcct. Contributor. 

1111 Bohhevr, Marie Bosa . " Betuming from tho Mill." 

Mr. F. T. Tumor. 

1142 Bohhevr, Marie Bora. " Forest of.]E^qiAineb]eaii.‘’ 

’'la.. J£r F . T. Turner. 

# # # • * ' 


1320 Bonkevr, M. Bosa. . “ A Family of Door." 

Mr. n. F. W Bolehovi, M.P. 
1337 Bohhevr, M. Bosa. . "Shoop" . . . . Baronne d’Brlangsr. 

As a sample of the labels iiroporod from snoh a catalogue the 
annexed may bo given, witli the statement that tho labels 
indicate by coloured borders the country from wiiioh the object 
oomos. Thus the border for Austria is oromge ; Belgium, dark 
Ihie; China and Japan, niojpmfa ; Denmark, choeolafe ; Pranoo, 
green; German Empire, biaefc; Greece,/all brown; Italy, pearl 
grey Netherlands, broitm; Norway and Sweden, Kghl blue ; 
Bussia, pale grey; Spain, lemon; Switzerland, grey; Tnnis, 
fawn; Turkey, lavender; United States, blue; United King¬ 
dom, Indio, and Colonies, red. 


CLASS X. 


I 0696 COLUKTIOH OPOeometricai. Models,Price 4B7. J.Schrbdor. 

— GERMAN EMPIRE. i i iJ 

M^h discussion and ill feeling has arisen on the i>art of 
English exhibitors as to allowing the annexes attached to certain 
foreign countries to be used as mere bazoars, not merely for 
thoir mannfaotuTos admitted to the several dassee, onder the 


approval of the oommittee of edootion, but for the sale of 
goods generally, a privily not accorded to or desired by Eng¬ 
lish oontribntors, who feel aggrieved at an undue advantage 
being accorded to foreign traders, whose home ideas are of a 
oonservative oharaoter—a privilege not disoovored till after the 
exhibition bad been open some monthe. It is stated in reply 
to this charge, that when -the representativea of the French 
manufaeturors were informed that the custom of giving prize 
medals was to be disoontinned, they declared that if they wore 
expected to exhibit “ loitkowt profit or glory ” they must decline 
to enter the field ; so, as a sop in the pan, the permission to sell 
in the annexes was aoeordod. All attempts to turn international 
oxbibitioua into bazaars for open touting or soiling ought to be 
disoouroged to the utmost; but there can be no objection to the 
appointment of official agents for the several classes, under 
such regulations that the interests of both English and foreign 
exhibitors shall be fairly provided for, and tho oonvonionoe of the 
public considered. Couiitiy and foreign visitors, with little time 
at their disposal, would fully appreciate the advantage of being 
able to visit an office within tho building, where they could give 
their commissions for objects only obtainable at the close of 
an exhibition, or to seoure duplicates of snnh as could be sup¬ 
plied at an earlier date. So far for tho question of “ profit;" 
for undoubtedly tho object of thc.so displays is to encourage 
progress in manufactures and art. 

As to tho question of “ glory,” or the hononrs to ho acquirwl 
by exhibitors, tho resolve on tho part of H.M. Oommissionors 
to dispense with the award of prizes, hIioIvcb a difficulty that 
lias been fully discussed ; but if tho distinction of admission is 
to bo regarded os an honour of equivalent value, would it not bo 
policy to give the promised certificate in tho form of a bronze 
medal,* to which a conventional value is attached that never 
pertains to lithographio documents. Tho isswo of special un¬ 
transferable poTBonal season tickets to tho exhibitors can only 
bo regarded as a decision founded on sound policy, for it is only 
fair that thoso who oontributo to a feast shonld find a place 
thereat, without being ohargod for the privilege by those who 
preside at it, as was the case on former occasions. Moreover, 
it is only right that exhibitors sliould Have tho opportunity of 
seeing that tho articles which they exhibit are kept properly 
displayed, and in good order, without being fined in tho shape 
of charges for admission, for by the constant vibration articles 
often get shaken into positions ill suited for their proper dis¬ 
play, or get dimmed by greater or less deposits of dust, which is 
almost sure, in tho conrsc of time, to find its way into coses, even 
of the best make. 

In connection with the question of dnst, displacement, and 
ro-arrangoment, I would point out tho necessity for tho snperin- 
tondonts of classes or thoir assistants being present to meet 
exhibitors at set times and days, if tho Commissioners under¬ 
take tho entire charge or keeping of tho exhibits, as introduced 
in 1871. In many cases 1 saw labels in positions where they 
could not be road, and rays, etc., placed one over the other, in 
a provisional manner, c.,nBoquont upon the hurry to get things 
into place for the ojioning, that wore never put right during 
tho entire term of tho exhibition—mattars that would have been 
immediately corrected had provision been mode for superinten¬ 
dents and exhibitors coming into periodical contact. In tbo 
Fine Arts Gallery a life-sized piotnro of a female in the oostamo 
of Eve before tho fall, through a blunder in the numbering, was 
described in the catalogue as a “ Porlrail qf the Artist,” much to 
the horror of many maiden ladies, who could hardly believe it 
possible that things had come to such a pass yrith the ordor of 
strong-minded women, that any member of tho Bohemian Bistor- 
hood could coolly depict herself while “ holding, as it were, tho 
mirror up to Nature,” and then having the production thns 
catalogued. Iho mystery would have been sooner solved had 
artist and superlntondont come into oontoot, for it ultimately 
proved that the proper designation of this subject was “ Truth” 
(the bare truth it may be assumed), and the artist of the mason- 
line gender. , 

The same rule holds good in regard to the “ Committee of 
Soleotion,” as, to my personal knowledge, many objects tonderod 
for admission were rejected, which wo^d have hmn (and wore 
ultimately) admitted, had an oppoctnniiy been afforded for 


r, " .^moniiooineiit of the Forthooming Series of Axunu] Inter- • As yet (JaanBiy, 1878) the oertifioatae for 1871 have not been di*" 
aathnlBl Nxhibitioiis.'’ etc., OSoes of H.M. Commistionen, 1870. tiUratad totbe exhiUtots, so tiiat their fona Is at present unknown. 
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exhibitor aad committee ooming into oontect, for it frequently 
happens that experts do not intuitively teoogmee novel points of 
constmotion, ingenuity of arrangement, or the value of cheaper 
processes tor producing known results, till a personal explana¬ 
tion or demonstration has boon given; and it is but human 
nature to assume airs of infallible perception when placed in 
positions to dictate eai calhedrd. 

Official reports on exhibitions are valnablo alike to exhibitors 
and the pnblio, if written by those completely ctjnversant with 
tho range of Snbjoets they undertake to report on. When 
there is a sub-division of labour, there should be a clear under¬ 
standing between tho staff of ropcjrtors, as to tho ground each 
intends to occupy ; for in some of tho reiiorts for 1871 I notice 
tliat, while some attempt to pass judgment upon subjects with 
which they are evidently unfamiliar, though conversant with 
tho details of other groups, others, through wjuit of precon¬ 
certed arrangements, elosh vith tho ground covered by retmrters 
on allied groups. Such matters of detail ought to bo arranged 
on a satisfactory basis for future exhibitions. 


CHEMISTIIY APPLIED TO THE ARTS.—XVI. 

nv QBOEUl' ■’ ■ 8T NE, P.O.B. 

ALCO'^OL. AND lEltS. 

It is not intended in this ax *'cle tt re.at of the raanufucturo of 
tho various spirits haviug alcohol or their basis which are 
simply used os exhilarating drinks, amongst which brandy, gin, 
mm, whisky, etc., are tho most familiar proparatioiia—but 
rather to speak of alcohol in its more innocent, nay, asoful 
applications. 

Absolute alcohol is a compound of carbon, hydrogen, and 
oxygen, in certain definite proportions, tho most familiar being 
wliat chemists would distingui-h as elhylie alcohol, or hydrate 
of ethyl, C.jHgO. Anotiier alcoliol, of not uncommon occurroneo 
in tho arts (as it is much cheaper than tho preceding, being 
free of duty), is that derived from methyl, CII 3 , having tho 
formula CH^O; and a third, tho amylic, Cjlf,/). It will be 
seen, in comparing these throe f onnnlte, that they bear a definite 
relation to ono another—beginning with the hydrate of methyl 
us tho lowest in tho series, the higher terms increase by tho 
addition of two atoms of hydrogen to each one of carbon. It 
is nnnocoBsary to give tho intermediate and higher terms, of 
which there is a long series, os those nl>ov e-namud are the most 
important. It is worthy of remark that each of tho alcohols 
may bo oonvortod into on acid by the replacomont of two atoms 
of hydrogen by ono of oxygen; CjHgO becoming in that case 
aootie acid, CgllgOj, as described in the last article; tho hydrate 
of methyl becoming formic acid, C’ITjOj, and tliat of amyl be¬ 
coming valerianic acid, and so on throughout the 

whole series. 

The sweet vogotabio juices or extracts are liable to undergo 
fermentation, and it is well known that powerful and exhilarat¬ 
ing liquors are derived from them. They all contain alcohol to 
a greater or less extent, to which ingredient these special 
charactoristioa are duo. The juice of tho grape was perhaps 
the first source of alcohol, and so it obtained in this country 
and some others tho name “ spirii, of wine.” It is now how¬ 
ever very largely mannfaotnrod from a groat variety of sub- 
stonoes, the material from which it is made often imparting to 
it a xieoulior smell or flavour, which has led to a specific name 
being given to such spirit. Tims, the juice of tho sugar-cane 
prodnees mm ; rice, arrack; etc. Malt made from any kind of 
com will yield a spirit, and on the Continent of Ihirope potatoes, 
mangold, beetroot, carrots, and many other roots oi a similar 
character eontaining sacohorino matter, are mashed up and 
fermented to make brandy or other spiritnons liquors. 

The character of the transformation will bo best understood 
by comparing tho chemical constitntion of tho substances. 
Qrape sugar (or gluoose, which is tho scientific term) consists 
of CgHjgO, when all the water which is nsnally in combination 
with it is driven off, and under the action of the vinous fermen¬ 
tation it separates into two portions; the result is the forma¬ 
tion of two atoms of aloohol, 2C,HgO, and two atoms of carbonio 
anhydride, 2CO,, whioh will be found to moke np exactly the 
fotnrala «rf the oriepnol grape sugar. 

Aloohol baa snoh an affinity for water, that it is extremely 


difficult to keep it absolutely pure, even after it has once been 
made so. We will suppose that the distiller has produced the raw 
sijirit,'which, when duly doctored, may constitute either gin or 
brandy ; it will bo found on examination to consist of CjHgO-(- 
on Indefinite quantity of water. To render it absolute, it is 
usually distilled over and over again several times, which 
means it inereascs in strength each time; bnt tUs process 
alone will not thoroughly effect tho separation of all tho water, 
however often it may be repeated. About 9 per cent, of water 
is found still to remain mixed with tho spirit after oarrying 
fractional distUlatiou as far os possible. The final process is 
therefore varied, and the last distiDations ore made in the 
presenoo of some carbonate of potassium or ohloride or hydrate 
of calcium, which, having a greater affinity for water than even 
tho alcohol itself, takes np tho moisture and only allows the 
anhydrous spirit to pass over from tho retort. If quicklime bo 
used, tho retort should be about two-thirds filled with it, and 
then Huificicut alcohol poured in to cover it over; tho lime will 
soon become slaked by the absorption of tho water contoinod 
in tho alcohol, whioh can then bo separated by distillation. 
This is repeated several times, until all the water is removed; 
and the alcohol, being thus rendered absolute, must bo carefully 
preserved from contact with tho air, or fresh moistaro will bo 
absorbed. 

As alcohol is considerably lighter than water, the purity of 
it can be tested with great accuracy by ascertaining its spocifio 
gravity. The pure spirit will not exceed 0'795 at tte ordinary 
temperature of "the air. Tables have been constmeted showing 
at a glance the relation of the specific gravity to tho percentage 
of alcohol at. given temperatures, so that all that need bo done 
is to ascertain these data as to any specimen in question, and 
tho strength of the spirit will bo known at unco. 

Another mode of determining the same point is by tho use of 
the hydrometer, that of Sykes' being tho ono approved by our 
Government, and generally used in calouiations for theltevcnue. 
Proof spirit, as it is colled, is tho standard for the assessment 
of duty; and is of such a strength that its weight shall bo 
12-13ths of that of water at a temperature of 51“ Fahrenheit. 
Taking, therefore, this as the basis, tlio hydrometer is so con¬ 
structed that by tho addition of weights to tho portion below the- 
bulb it shall just float in tho spirit, tho part above the bnlb 
being graduated so that any ono can read off to a nicety the 
precise point of immersion; and then, by reference to tho calcu¬ 
lated tables, the exact strength of the spirit above or nnder 
proof is at once ascertained. Thus, at a temperature of <30“ the 
spccifio gravity of proof spirit is 0 9186; and the relative pro¬ 
portions by weight of alcohol and water will be found to be 
49’5 of tho former t o M Ajf the latter. 

A third njp ..e'flStSrmmtng tho strength is by ascertaining 
the DoiflBg” point, which naturally becomes more and moro 
assimilated to that of water, 212 “, as tho quantity of this ingro- 
dieut augments, tho boiling point of pure alcohol being very 
mneb lower. The following table will show tho effect of a 
redaction in the strength of the spirit in this respect:— 


Percentage of Alcohol. 

Boilisg point, Fahrenheit. 

•90 

174-2“ 

90 

175 3® 

70 

177-6“ 

eo 

170'4.“ 

50 

181-6“ 

40 

183-4“ 

00 

187-2“ 

00 

192-4“ 

10 

199-2“ 


It will readily be inferred that these teats are only applicable 
to such spirits as contain no other ingredient; for instance, 
those which are sweetened will have a greater specific gravity, 
dependent upon tho amount of saocharine matter held in solu¬ 
tion, and tho boiling point will also vary according to the 
nature and pro]H>rtion of the other ingredients. 

Pure aloohol cxercisos many important functions in che|U 8 try. 
By mixing it with snow an intense cold can be produoed; and 
it is almost impossible to frooxe it, as it may be reduced to 150“ 
below zero without congelation, on which account it is used in 
the manufacture of thermomotors which may be required to 
register very low temperatures. When dilnted with water it is 
a powerful atimuluit; but strong aloohol is highly iiguiious to 
the animal syateiu, as it withdraws the water neceesory to the 
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hoalthy oondition of ilie tissuoH, and ooaj^nlatea tbo albuminous 
portions. It is an oxcollcnt solvout for all kinds of resins, fats, 
and essential oils, and as such is used in the preparation of the 
best Tarnishes, soaps, and porfumes. Beferunco lias already 
been mode to this nso of it in Article Vlll. Many other sub- 
Btoncos aro also solnble in alcohol, which are not at all aifeotod 
by water. It is likewise used in the preparation of many oom- 
ponnds wliich are of much value in medicine, especially of the 
variouB anmsthetios, which are now so extensively employed. 

Chloroform, for instance, is yielded by the distillation of 
alcohol along with some chloride of calcium. The proportions 
required arc G parts of the latter to 1 of alcohol containing 
84 per cent, of spirit, and 30 ports of water; or it may bo mode 
from 8 parts of the chloride of lime, 1 of quicklime, 1 of alcohol, 
and 40 of water, which will yield a quantity of rectified chloro¬ 
form equal to ouo-third of the alcohol consumed. The result¬ 
ing liquid wiU have tho constitution CHC1„, the effect of which 
in producing insensibility to pain on being inhaled is well 
known. For this purpose it is of the utmost importance that 
it should bo as puro as possible, cspcoially os the ingredients 
most likely to find thoir way into it are not easily detected, 
except by the injurious effects they prodneo upon tho individual. 
It is a highly volatilu liquid, though at the same time a very 
heavy one, having a specific gravity of 1’49 at 60“. This cir- 
cumstanco affords a ready means of detecting any adnlteiution, 
either with alcohol or other, in both of which it is soluble; in 
such case tlio weight of the liquid would bo greatly reduced, as 
there is such a wide differonoo between their specific gravities 
and tliat of chloroform, ft possesRCS in a very high degree tho 
power of preserving animal matter from putrefaction. 

Chloral, tho hydrate of which has recently boon introduced 
08 a medioino, and is now very generally administered for the 
purpose of inducing sleep, is another product of alcohol and 
chlorine. The most direct precoss for its prejiaratioii is to x>a.ss 
dry chlorine gas into uli.wiliite alcohol. It is of tho greatest 
imi)ortance that both of the ingrudionis shall bo free from 
admixtnro with water, and as each ha.s a groat afiinity for it, 
much cai'o mnst bo taken in order to ensuro its abseiiro. 
Tho gas is best dried by passing it through some strong snl- 
{>huria acid, or over chloride of calcium. At tho conimenco- 
mout of tho ofKwation tho alcohol must bo kej)t cool, by ex- 
. posing tho ontsido of tho glass vessel which contains it to tho 
action of cold water, so as to iwevent tho contents from taking 
tiro; but as the absorption of tho chlorine inercoses, tho mix¬ 
ture must be heated nearly to the builiug point. It ultimately 
bccomuB thick and syrupy; and after standing a while it solidi¬ 
fies into a soft erystallino jnass, which is tho liydrnte of chloi-nl. 
This Bubstaneo is tlion molted, and agitated with four to six 
times its bulk of sulphuric acid, u uW ‘"•iV jny o chloral will 
separate and float oji tho top. It is finally dlBUll!SH»W,'. slkked 
lime, for tho purpose of removing any hydroehloric acid which 
may have boon formed in tho eonr.so of the operation. I’uro 
cliloral is a thin, pungent, colourless oil, of a specific gravity of 
1 ’5, which boils at 3()3‘’ Fahrenheit. 

Alcohol is also tho fonndatioti of all the different kinds of 
other which aro used in |)hiii'inaoy or otherwise. ^ Tho descrip¬ 
tion in most oomiuuii use is often called sulphuric other, beoanso 
the ocid bearing that name is used hi its manufacture; but it 
is a Very misleading title, as there is no Hul])hur whatever in 
its ouinposh ion. The oxide of ethyl is tho scientific name, os 
it oonsists of 3l.\Tl5 I’h*’ reason for adopting this uauio will 

appear luoro plainly presently, when other others come to bo 
considered, as it will then bo seen that the one atom of oxygen 
is oaxiable of being reiiKaced by other cloiuonts or combinations, 
and that the SCjHj represents ethyl itself, a gaseous substance, 
which on burning yields a brilliant light. 

There are some general characloiistics common to all this 
Beries of products. They are highly volatile inflammalile 
liquids, (if a very light spc'ciflc gravity, with a fragrant odour, 
and haring the facnlty of jiroducing numbness even to complete 
inspusibility when inhaled in cousidorablo quantity. They will 
mix wfeh alcohol in any proportion, Init not with water, except 
to a very slight extent. They are valuable as solvents, most 
of the articles soluble in alcohol being also caimblo of being 
dissolved by ether, and in some cases more readily than in tho 
former. 

The ordinary plan of making the oxide is to distil over a 
uixtBro of sulphucio oeid andidoohol. If thdrdativc propas- 


lions are as two to one, the mixtore will boil at about 250° 
Fahrenheit, gradually rising to 280°, and tho vapour when con¬ 
densed will bo found to consist of a mixture of ether and 
alcohol, Iho ether greatly predominating us it reaches the higher 
temperature; as the boiling point rises from that to 320°, ether 
will come over mixed more or less with water; and if tho dis¬ 
tillation bo carried b<yond that stage the boiling point will rise 
still higher, bnt the contents of the still will be converted into 
olefiant gas and snliihnrouB acid. Tho object of the manu¬ 
facturer is therefore to keep the boiling point at about 300°, 
which is done by constantly keeping up the supply of alcohol, 
so that tho relative proportions may not materially vary. 

Hydrochloric ethor, or more exactly chloride of ethyl, CgHjCl, 
Tilay be mode either by saturating absolute alcohol with hy¬ 
drochloric acid gas, or by distilling alcohol with one of the 
chlorides, such as common salt. It is used in modioine gene¬ 
rally in combination with alcohol. 

Nitric other, C^H^NO,, is also used for a similar purpose to 
a considerable extent. 


SEATS OF INDUSTRY.—XXIV, 

ST. LOUIS. 

BY WIPUAM WATT WKBSTEB. 

In J7G2 M. d'Abbadio, the Direotor-Croneral of lionisiana, 
granted to a company of merchants, of whom I’iurro Liqnosto 
Laclede was tho leader, the exolusivo privilege of ti-ading with 
the Eudiaus on the river Mississip]ii, along with permission to 
I settle on any spot in tho volloy of tho “Great Waters” they 
might choose to select. Tho qualities desiderated in a silo by 
tliCKO xiionooi'H of commerce were focUitius fur currying on the 
fur trade, and natural strength of laxsitiun for dofenoe against 
the Indians. 11 was because it possussed both of those advan¬ 
tages in a high degree that Lueledo and his cumiHinions, after a 
carofnl oxiiloration of the territory, established themselves, on 
tbo 15th of February, ]7(i4, at tho place afterwards oooupiod 
by the important commercial city of St. Louis. To tho trappei-s 
tho ouufluonce of the different rivers in tho immediate neigh¬ 
bourhood was a groat attraction, as it afforded a oomparativoly 
easy means of communication with the great hunting-fields. 
At first but four houses wore bnilt, and tho settlors wore pro- 
liortionatoly few. On tho 11th of August, 17G8, a Spanish 
officer, named Itions, with a company ol S{ianish troops, took 
7 iossoHsiuu of Laclede’s settlement and Upper Louisiana, ns tho 
district was then termed, in tho name of tho king of Spain, 
under whom it remained until 1801, when it wa.s restored to 
France. It was sold to tho United States in 1803. Hy 1770 
the number of sottlors at St. Louis had increased to forty 
families, and a small garrison was stationed there for its pro¬ 
tection. In common with other settlements on the Mississipiii, 
IJlinois, and Wabash rivers, St. Louis was threatened with 
destruction in 1780 by a British foroo, but this disaster was 
averted through tho energy of General George Eogors Glm-k. 
Some statistics of tho far trade of St. Lonis for the fifteen 
years immediately preceding 1804 have been preserved, which 
show that at that early date it hiul reached considorablo dimen¬ 
sions. Tho average annual value of tho furs collected at tho 
liort during that iioriod amounted to 203,750 dollars, and the 
numhor of skins were—l.’iO.OOO door skins, 3G,!>00 beaver skins, 
8,000 otter skins, 5,100 boar skins, and 850 buffalo skins. In 
1804 the population was estimated at between 1,500 and 2,000 
persons, one-half of whom wore absent during the greater part 
of tho year on hunting expeditions, either as trappers or as 
voyagours—tho latter name being given to the boatmen who 
brought homo tho skins. In 1813 tho first brick house was 
erected ; and in 1817 tho first steamboat artivod at tho port. 

St. Louis made little progress in population during the first 
two decodes of tbo century, its iiffiabitants only numbering 
4,598 in 1820; but two years later it was chartered as a city 
under tho title conferred on it by Laclede, in honour of Louis 
XV. of France. About tho year 1825 the growth of Illinois 
booamo marked, and between that year and 1830 St. Louis 
received considorablo additions to its population from that State. 
It was at this period tliat the foundation of the trade betweiui 
Illinois and St. Louis was hud—a oonneotion that has con¬ 
tributed largely to the prosperity of tho latter, and that still 
eonstitatos an important branch of tho oommocoe of the port. 
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By 1829 the keel boats had entirely disappeared from tlie river; 
and a steammr, named the Yellow Stone, ascended to the Great 
JibUs abont the same date. Baring the ten years between 1820 
und 1830, however, but little inoreaso took plaee in ilie popula¬ 
tion, which in the latter year only numbered 6,604; but in the 
Bueoeeding decade it was much more than doubled, liaving in 
1840 reached 16,469. It was then that the extraordinary 
rapidity of growth that has distinguished the city, even among 
American towns, first distinotly showed itself. About this time 
extensive warehouses began to be erected near the brink of the 
river, which is the oldest part of the city, and is still the centre 
of its oommeree. Up till the year 1849 a largo proportion of 
the houses in St. Louis were built of wood; but at that date a 
great fire occurred, that destroyed a considerable part of the 
city, and the new houses ereetod wore chiefly ooiistructud of a 
limestone found in the neighbourhood, which, though soft when 
first taken from the quarries, becomes hard and durable after it 
has been exposed for some time to the action of the atmosphere. 
The returns of the population for 1850 showed that 8!t. Louis 
contained 75,204 free citizens and 2,650 slaves, making a total 
of 77,850, or nearly five times os many inhabitants as in 1840. 
Of .these the larger half, or 40,414, were natives of foreign 
countries; 23,774 having been born in Germany, 11,257 in 
Ireland, 2,933 in England, and 2,450 in other foreign countries. 
The natives of the United States resident in the town at that 
date numbered 37,436. During the succeeding two years the 
population of the city and suburbs was found, by a local census 
that was taken in 1852, to have increased by about 20,000. 

Fur some time previous to the du.tc last mentioned St. Louis 
had boon the priuoi]>aI emporium of the countries on the 
Missouri and the Upper Mississippi. The value of the produce 
brought to the quays of the city i«i 1849 was estimated at con¬ 
siderably moro than 10,000,000 dollars; and at the same dale 
the shipping belonging to the port, consisting mostly of steamers, 
reached an aggregate of 32,225 tons. Tlireo years later the 
quantity of flour annually ground and dressed at the extensive 
miUs in the city und its vieinity amounted to 393,18.4 barrels; 
and it wns estimated that the flonr-mill mocliincry was capable 
uf producing 3,000 barrels pur diem. In 1852 no fewer tluiu 
3,184 steamers arrived in tlio port; and, according to the customs 
returns, 37,861 tons of shipping, of which 32,646 tons repre¬ 
sented steam-vessels, were owned in 8t. Louis. The otiieial 
statistics for 1855 give the number of tho inhabitants of the 
city proper in that year as 97,642, of whom 94,68(5 w<‘ro free; 
and it is estimated that the outiro population uf 8t. Louis and 
its suburbs at this date amounted to nearly 120,000. Two 
items from tho trade returns for 1859 will serve to some extent 
to show the nature and dimensions of the oommeree of tho city 
at tliat date. Tlio produce of the flour-miUs daring tluit 
year amounted to 873,506 barrels, or nearly three times the 
quantity turned out only seven years before. In tho same year 
there were rceeivod into St. Louis 53,174 hogsheads, 9,186 
barrels, and 6,693 boxes of sugar. Tho value of tlio furs brought 
to tho port in the following year was estimated at 549,422 
dollars, of which amount 340,000 dollars ropresoctod bufialo 
Bkins, 85,000 having passed through the market. By 1852 lard 
and linseed oil bad become important items in the produce of 
, St. Louis, 5,000 barrels of the former having been exported in 
that year. In 1860, how(!vor, no less than 30,000 barrels of 
lard were manofoctured, and the number of hogs slaughtered in 
St. Louis alone in that year was caletilatod at 78,000. The packing 
and shipping of pork, beef, and hams had also by this time 
beoomo a very extensive branch of trade, and ompkyod a largo 
amount of capital and a large number of jssrsoiis. Tobaceo 
mannfaoture waa then also carried ou in tho city on an oxtousive 
Boale by about a dozen estabHshmciits. 

But tho maunfaoture of iron surpassod and still surpasses 
all tiio other industries of St. Louis, both as regards tho 
amount of capital invested and the number of persona em¬ 
ployed in it. Tho district anrroundmg St. Louis .a remark¬ 
ably rich in mineral resouroos, oomprising iron, eoal, lead, 
copper, and marble, and i^s mineral wealth has constituted 
an important elomont in its prosperity. Among tho most 
striking natural objects in the State of Missouri, of which 
St, Louis is the principal city, although not the capital, oi'e 'ts 
two hills, composed of mioaoooua oxide of iron, situated in St. 
I]»anqoi8 county. One of these hUla, called “ Iron Mountain,” 
^ues 850 feet above the plain, and ia one mile and a half broad 


at its summit; the other, called “ Pilot Knob,” is one mile and a 
half in circuit at the base, and 308 feet high. Vast quantities 
of tho 0 X 0 from these mountains are brought to St. Louis, and 
there smelted, and inanufaetnrod into stoves, railway machinery, 
and locomotive and stationary engines. In 1858,17,565 tons of 
pig iron from Iron Mouutaiu and Pilot Knob wore landed at 
tho port; in 1859 the quantity rose to 16,250 tons; and in 186U 
to 19,700. About 50,000 tons of iron from other points wore 
at that time annually worked u]) at St. Lonis. The shipping 
owned, enrolled, and licenced ut tlio port in 1860 amounted to 
64,683 ions; and the number of steam-vossols that arrived at 
St. Louis in that year numbered 4,371, repreaoniuig a total 
burden of 1,120,039 tons. During tho year 1860 nearly 2,800 
buildings were erected in the city, at a cost of about 7,500,000 
doUars, and at tliat date tlie population amounted to 151,780, of 
whom about 1,500 were slaves. There were then fifty-three 
periodicals and newspapers pablishod in St. Louis, inoloding 
eleven daily newspapers, issuing weekly editions; three tri¬ 
weeklies, twenty-four weeklies, four semi-monthly publications, 
and two quarterlies. At tho present time the population 
of St. Louis, notwithstanding the losses of men and money in 
tho Civil War, ia calculated at about 200,000. 

St. Loui.s is admirably situab'd on an elevation, consisting of 
two plateaux of limestone formation, the one about fifty foot 
above tho floods of the Mississippi, and the other about sixty feet. 
It is about cightedn miles below the mouth of the Missouri, and 
nearly 200 miles above the month of tho Ohio. By tho river 
the distance between St. Isini.s and Now Orleans—to which tho 
navigation is always oiion—is a little over 1,200 miles. It is tho 
capital of the judieial district and county of St. Louis, and is 
governed by a mayor and a eommon council, consisting of 
twenty members in addition to the mayor. Tho city covers an 
area of about sixteen square miles, but tlio tluokly-populated 
port is only from two to two and a half miles in length, follow¬ 
ing tho course of the river, and about one and a quarter miles 
in breadth. PortionH of the town, however, extend nearly seven 
miles tlio Mississipjii, und nearly Giree miles from its 

right bank, * Tho Upper Mis.sissippi, the Ohio, tho Missouri, 
and their numerous tributaries, afford connected and easy water 
communication, extending to about 8,000 miles, between St. 
Louis and vast regions extraordinarily rich in mineral, vegetable, 
and animal products. It ia tho xirincipal seat of tho American 
fur trade, and of the overland trade Avith Mexico. St. Louis is 
remarkably well built, the streets, for tho most part, being 
sixty feet wide, and, with few exceptions, intersecting each other 
at right angles. Front or Levee Streot, which runs along the 
river, is upwiu'ds of 100 feet wide; and tho side next theMissis- 
sip))i is occupied with a range of massive stone warehouses of 
imposing gpiioaranco^ tho public buildings in tho city 

the ipost iw'*, .•^jrifyaro thl^t'ity Hall; the Court-house, erected 
at an &ponse of half a million of dnllnr.s; the now Custom 
House and Post-offiro, which cost 350,000 dollars; and the 
central market buildings, which occupy the site of the old 
market and town-house. There are about eighty churches in 
St. Louis—tho Methodists and tlio Jloman Catholics being the 
largest denominations, and having oaeii about an equal number 
of places of vSorshjp. The Homan Catholic cathedral, built in 
1831, is a very handsome Doric stmeturo, with a tower ninety feet 
high, surmounted by a spire. The U.omaii Catholics have also a 
university in St. Louis, called the St. Louis University, which 
wns founded by tho Jesuits in 1818 for the study of the classics 
and hclles IHfrcs ; it has also a miHlieal faculty. Between 100 and 
150 students attend its classes. In the "Washington Universil^' Qt 
St. Louis, incorporated in 1853, all the branches of study co^ 
monly included in a university curriculum, with the exception 
of theology, arc taught. A German instituUi of seicnoo was 
founded ill J 856. There are also in tho city other colleges and 
schools for tlio higher class of edneatiun. 

PIUNCIPLES OF DESIGN.— XXVIII. 

BT CIlKlS'rOrHBB DRBBSBR, F.T..S., gTC. 

HAKDWAUE. * 

IlAviNa considered metal work in its moro costly branohea, wo 
eume to tho couaidoration of hardware ; and I am glad that wo 
have roaehod that part of our subjoet which deals with inex¬ 
pensive materials, for they are. those which must bo generally 
omxiloyod, wh^jivorks formed of tho precious metals eon be used 
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only by oompaxativoly fow poreons. The object of art is the giviiig 
of pleasure; the work of tho oxtist is that of giving ennobling 
pleaanre. If as an artist 1 give pleasure, 1 to an extent fnM 
my ; but 1 do so perfectly only when I give the greatest 

amount of the most refined pleasure by my art that it is 
possible for mo to give. If by producing works which can bo 
procured by many I give pleasure, it is well that 1 do so; but if 
the many fail to derive pleasure from my works, then I must 
address myself to the few, and be content with my lesser 
mission. Education appears to be neoessary to tho appreciation 
of aU art; the artist, then, is a 
man who appeals to the educa¬ 
ted. If some persons, by their 
supotior education, ore enabled 
to appreciate art much more fully 
than those who arc more ignorant, 
and can consequently derive much 
more pleaanre from it than tho 
leas cultured person, h might then 
bo desirable that tho artist should 
address himself, through tostly 
materials, to the few, for thereby 
he might bo giving the greatest 
amount of pleasure. I always, 
however, like to produce works 
in cheap materials, for then I 
know that I form what is capable 
of giving pleasure to tho poor 
man—if appreciative—^who may 
possess it, os well as the rich. 

In hardware we have two classes 
of work produced whieh appear 
to have Kttlein common—the one 
class being ohoraoterisod by a 
preponderance of exoeUenoo, and 
the other by the dominance of 
what is coarse and inartistic. The 
first elass of work is that which is 
produced by what are termed 
eoolesiastical metal workers ; the 
second eonsists of what is gene¬ 
rally known as Birmingham ware. 

It is an error to suppose that 
these Bo-oalled eoclesioBtical—or 
medieval, as they are somotimos 
oollod — metal workers produce 
only eoclesiastical and mediaeval 
work. On the contrary, some of 
iheso men—and they aronowmany 
in number — devote themselves 
almost ezolusivoly to domestic 
work, and most of them fabricate 
articles in all styles of art. If I 
wanted an wtistio set of fire- 
irons, I sliould go to one of the 
eoolosiastioal warehouses, for 
there 1 have seen many seta 
that my reason commends and my 
judgment approves; but I never 
saw a sot produced for the 
general market that I Uked; 
and the most artistic fenders, 
e^atlM, and gas-fittings, in almost 
any siyle, are to be got at 
theae ahopa. I do not mean to convey the impression that all 
things made at these occlcsiastiool warehonses are good, and 
that all things of Birmingham (or Sheffield} manufacture are 
bad, for I have seen indifferent works in these medimval shops, 
and I have seen excellent things from Birmingham—especially 
1 might mention as good oortain gaseliers produced by two 
Birmingham houses—^bnt as a rule the works found in the 
medimmJ warehouses are good, and as a rule the works in hard¬ 
ware produced by Birmingham and Sheffield are bad, in point 
of art. 

It wiU appear monotonous if I insist that the materials of 
whibh works of hardware axe formed be used in the easioBt 
manner in which they can be worked, and that every article be 
so formed as perfect^ to answer the end of its formation. Tet 1 



most do BO. Let ns look for a common set of firs-irons, and 
we shall find that nine pokers out of ton have a handle termi¬ 
nating in a pointed knob. Now, as the object of this knob is 
that of enabling us to exeroise force wherewith to break large 
pieces of coal, the folly of terminating this knob with a point is 
obvions. A poker is, essentially, an object of utili^; it ahonld 
therefore bo nsoful. It is ridio^ous to talk of a poker as an 
ornament; yet wo find it fashionable now to have a bright 
poker as an ornament, wMoh is obtrusively displayed to the 
visitor, and a little blaok poker, which is careful^ concealed 

from view, reserved for use. I 
cannot imagino what people will 
not do for show and fashion, 
but to tho thinking mind such 
littleness as that which induces 
women to keep a poker as an 
ornament must be distressing; 
and until persons who desire to 
be regarded as educated loam 
to disorifflinate between on orna¬ 
ment and an article of utility 
little progress iu art can bo 
made. If a poker is simply a 
thing to be looked at, then it 
may be as inoonvonient as you 
please, for if it has no purpose to 
fulfil by its creation it oaanot 
be unfitted to its purpose. Tho 
same remark will apply to shovel 
and tongs. If they are intended 
as works of utility, then their 
form must bo earefuUy considered; 
but if they are to be more orna¬ 
ments I have nothing to say re¬ 
specting them. 

Utility and beauty are not 
insoparablo; but if an article of 
any kind is intended to answer 
any portioular end, it should bo 
fitted to answer the end proposed 
by its formation; but after it is 
created as a work of utility, 
care must be exercised in order 
that it bo also a work of beauty. 
With due consideration, almost 
every work may bo rendered both 
useful and beantifnl, and it must 
ever be the aim of tho intelligent 
omamentist to render'them so. 

Iron is capable of being wrought 
in various ways; it may bo 
“oast” or “hammered,” or 
cut or filed. “Costing” is the 
least artistic mode of troating 
iron; but if iron is to be oast, 
the patterns formed should bo 
so fully adapted to this mode 
of formation that the method of 
working may be readUy apparent. 
It is foolish to seek to make cast- 
iron appear as wrought-iron: oost- 
iron should appear as oast-iron, 
and wTonght-iron as wrought-iron. 
Cast-iron is brittle, and must 
not be relied upon as of great strength ; while wrought-iron is 
tough, and will bend under great pressure rather than break. 

' Wrought-iron can be readily bent into sorolls, or tho end of a 
rod of metal oon be hammered flat and shap^ into the form 
of a leaf, and parts oan either bo welded together or fastened 
by small oollars, pins, or screws. One or two illustrations of go<^ 
wrought-iron work by Skidmore, Benham, and Hart, we give in 
our engravings. 

As an illustration of a simple railing, wo figure one shown in 
tho International Exhibition of 1862 (Fig. 138}, which is in every 
respect excellent. Its strength is very great, yet it is quaint and 
beautiful. As it was shown it was oolou^, and the colour 
was so applied as to increase its effect knd beauty. If the 
student oorofnlly devote himself to the oomuderation of 
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excellent werke in motoi, he will 
leora more than by much reading. 
Let him procure, if poasiblo, the 
illustrated oatalognea of such men 
as Hart of London, Hardman of 
Birmingham, and Doyey of Man¬ 
chester, and study the sketches 
which ho will there see, and ho 
will certainly discover the prin¬ 
ciples of a tme art, snob as ho must 
seek to apply in a manner concor¬ 
dant with his own original feel¬ 
ings. 

Of our iUustrations, the example 
by Skidmore {Fig. 187) fumisbes 
ns with an excellent mode of treat¬ 
ment. Iron bauds are readily bent 
into volutes, or oarves of various 
descriptions, smdthe parts so formed 
can be nutted by welding, screws, or 
bolts. Hardman’s gate (Fig. 134) 
is in every respect excellent; it is 
quaint, vigorous, and illustrative of a 
true mode of working metal. The 
two foliated railings (Figs. 135,136) 
ore also very meritorious. They 
are simple in design, and their 
parts are well fastened together. 
1 advise very strongly that the 
student carefully consider the illus¬ 
trations which hare accompanied 
this lesson. The same subject will 
bo continued in the next chapter, in 
which further examples of orna¬ 
mental iron work will bo given from 
ancient and modem souroea to which 
I am anxious to call the attention 
of the student. 
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BUILDERS’ QUANTITIES AND MEASURE¬ 
MENTS—VIII. 

BT B. WYNUHAK TA.BK, U .A. 

CABPENTBY. 

Thb work of tho carpoutor is the framing of timber in roofs, 
floors, and partitions, the oonstmotion and erootion of centerings 
for brick or etone arohas, fixing bracketing for ootmom of 
rooms, battening the vails for plastering and the roof for 
slating, laying rough boarding, framing and fixing solid sash 
and door frames, ereoting wood fencing to gardens, and all 
woodwork of a hesTy or rough description. 

In measuring timbers used in building, care must bo token to 
keep them separate, according to the position and manner in 
wliioh they ore fixed; but all an measured by tho cubic foot, 
the length and scantling, that is breadth and thickness, being 
entered under each other in the dimension book, and desoribod 
according to the labour upon them. Timber which is laid in 
wsIIb with little or no hibour upon it beyond cutting into 
lengths and fixing is taken under one head as bond, plates, 
sleepers, templates, lintels, etc.; deduct lialf the longtli of tho 
bond timber which is out out of openings. In single-joistod 
floors the timbers ore token as “ framed in joists; ” in double- 
joisted floors, where the bridging and ceiling joists ore notched 
on binders, as shown in Fig. 136 of Lesson XIV. on “ Building 
Construction,” toko tho joists os in single floors and the 
binders separately as “ framed in binders,” and if the binders 
ore themselves framed into other timliers called girders, as in 
Fig. 117 of Lesson XIIl. on “ Building Constniction,” tho girders 
are put into the same category as the binders. Trimmers 
and trimming joists round openings in single-joisted floors are 
dassified with binders and girders. Brossummors to carry 
walls over openings, or girders sawn down, reversed, and bolted 
or trussed, are placed by themselves as “ framed girders, etc.,” 
the iron trasses and bolts being taken by w'oight. 

The timbers of trussed roofs are measured their full length, 
allowing for tenons, scarfiugs, and other joints, as described in 
Lessons XII. and XIII. on “Building Construction.” Whon tho 
scarfing of long tie-beams is made as shown on Figs. 95, 96, 
etc., tho length of the scarf must be measured twice, in order 
to got at the timber used, keys and wedges being immbered, and 
the iron bolts taken by weight. The timbers are described as 
“ cube framed in trusses the common rafters, purluis, gutter 
plates, and suoh timbers as do not form part of the trusses ore 
taken together and kept separate from the trusses. If any of 
the timbers are planed to a smooth face fur staining or painting, 
the labonr is taken separately, and measured by the foot 
Buperfioial. 

When tho ridge, hip, or valleT^j^eafcAjr ^ ^ less tlian three 
inches thick they ore measured by tho foot snpcfttaiakjaisl all 
cuttings by tho foot run. Tilting fillets and fcatlier-odged 
eaves-boardiug for raising the slates at tliu eaves, are taken by 
the foot run; also take tho run of hip and ridge rolls. 

Tho boarding or battening of roofs for slates or any other 
covering, is taken by the square of 100 superficial feet, stating 
the thickness, width, and distaneo opart of buttuus. Valley and 
gutter-boards are taken by the foot superficial. * 

In measuring the king-post of a trussed roof, as shown at 
Fig. 151 of Lesson XV. on “Building Constmetion,” one only 
of tho pieocs cut out to form a shoulder is to be deducted from 
the oubo of tho limber; and in queen-posts deduct only half of 
one^of tho pieces cut out. Blocks to 8ui)port the purlins on 
rafters are numbered: also number all wood-bricks inserted 
into a wall for fixing the joiner’s work. Drips and cesspools in 
gutters ore to be numbered. 

Moosure herring-bone strutting placed between the joists of 
a floor, as shown in Kg. 133 of Lesson XIV. on “ Building Con- 
stmotion,” by the foot run, taken across the joists. Sound 
boarding placed on fillets half way down the joists, as shown at 
Rg. 134, is taken by the square of 100 superfioial feet, 
measured over the whole* surface of the floor, without any 
deduclAne for thioknoss of joists. Sometimes, however, tho 
exact measureinent is taken, deducting tho joists, and must then 
be dcsoi’ibod as “ nett.” 

In measuring quarter partitions, as shown by Fig. 181 in 
Lossen XVill. of “Building Construction,” the timbers forming 
the tmssos, as head, sUl, and bmoes, are taken as “cube in 
tmstes.” Tho quarters wfaioh fill in th - 


ixuBses, and to which the plasterer attaches his laths, ate enbed 
separately, and may be added to the oommon rafters or joists. 

Bracketing for plaster oomicos of ceilings and cradling for 
shop fronts are measured by the foot superficial, taking the 
length by the girth. Cironlar work may be tideen donblo 
measnre, and all angular braokots numbered in addition to tho 
snporficial measuroment. 

Whon walls are battened oat to reoeive the plaster the 
battening is measured by tho square of 100 feet, doduoting all 
openings, stating the thioknoss, width, and distaneo apart of the 
battens. 

Centerings to vaults and other large arches ore meosnred by 
the siiuaro of 100 feet, taken on the soffit of tho oroh. Center¬ 
ings to smaller arches ore measnred by the foot superfichti, and 
taming pieces by the foot run. 

Where timbers ore out in tho form of a oirole, take tho onbe 
of tho original timber required to allow for the sweep, and 
measure the labour by the foot run. In the ease of arched 
heads to solid door or window frames, take the run of tho curve 
and describe os framed, rebated, and beaded circular heads, 
glued up in thicknesses. The straight parts of solid dooT-oases 
and window-frames are measured by the foot cube and do- 
soribed, oak sills being token separately from tho fir frames. 
In measuring sqnoro-hoadod frames the head must bo measured 
six inches longer than tho outside width of the frame, and tho 
jambs two inuhes longer than the height, to allow for stnbs into 
the sill. 

Weather boarding and rough boarding is measured by the 
square of 100 feet. 

In mcasoring wemd fences formed of cleft oak pales with 
arris roils and oolc posts, take the length in feet and bring it 
into rods of 16 feet 6 iuehes, describing tho height. If there is 
an oak plank at tliu bottom or eaT>piug on tlio top, measure 
them separately by the foot run. Field gates, gate posts, eto., 
are numbored and the sixu described. 

Unord fences, of cleft roils and posts ore token by tlio rod 
of 16 foot 6 inches. 

Timber which is oidy used temporarily, as in shoring, needling, 
stmiiting, etc., is taken by tho foot cube, and entered us “ use 
and waste.” 

Sav'yer. Measure tho sawing of largo timber by the foot 
superficial, and bring it into squares of ] 00 feet. If the scant¬ 
ling of tho timber is 6 inches or loss, take tho sawing by tho 
foot run. 

W'e shall now illustrate the foregoing rules by a series of 
dimonsious of tho various materials and labour required in the 
carpenter’s work of a building. 
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In the foregoing rules to the meaenrement of 

<»rpent«r’s work, all the materials and labour are supposed to 
be supplied by ibo carpenter or tbe contraotor wbo employs 
him. If, however, the timbers and oilier materials are delivered 
to tto building by the person for whom it is being ereoted, and 
■t bis espenae, then the oarpenter’a work can be measured in 
the manner before deeotibed, and entered as “ lAbour and 


fixing,” or as ” lAbonr and nails ” which inolndoB glue, attend- 
ante on sawyers, etc. But it is more nsusl in ibis to take 
the roofing, flooring, partitions, oentering, rough boarding, 
weather boarding, eto., all by the square of 100 enperfioial feet, 
desoribing the ebaraeter of toe work to be done. 

Timber iepmwhased by toe "load "of 50 onbio feet. Flanks, 
deals, and battens, 2^" and S" thiok, by toe hna^^ ef 120; 
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plank* being 11 inobee wide, deals 9 iaohee, battene from 3 to 
7 inohee wide. 

To find the onbioal oontenta of a “baulk ” of timber in its 
rough and nnont state, take one-fourth of the girth round the 
middle, square it, and multiply by the length; the baulk being 
ftlightly tapered, or smaller at one end than the other. 

When 3-inoh deals or battens are cut into two equal thiok- 
nesses, they oxe called “one-out;” if into three equal thick¬ 
nesses, they are termed “ two-out; ” if into four equal thick¬ 
nesses, “ thrae-ont; ” and so on, according to the number of saw 
outs required. One and a half inch deal is generally understood 
to be the same as one-cat," being got out of threo-inch deal 
by one saw-out down the middle; 1-inch deal as “ two-out; ” 
f-inoh as “ three-out," and so forth. 


FARMING AND FARMING ECONOMY.—XI. 

By Professor Wbioktsoit, Boyal Agricultural College, Cirencoster. 

ABABIiB VBUSUS I'ASTUBB BAND. 

The question of arable versus pasture land is interesting to 
the economist, the philanthropist, and the agricnltnrist. This 
many-sidodnosB constiintes its obiof ditUonlty, and is the canso 
of much difforonco of opinion. Mr. Moohi well represents a 
class of tliinkors who view this snbjoct from a somewhat speon- 
lativo standpoint. In a lecture before the Farmers’ Club, upon 
the undoTolopod powers of British agriuulturn (Nov., 18C8), ho 
thus speaks of what appears to him to be one of the greatost 
eauBOB of agricultural non-dovolopmeiit. Gross land or per¬ 
manent posture “ is the grand field to which wo must look for 
doToIopmont and progress. One half of the United Kingdom 
is in permanent pasture. The last Board of Trade returns 
give 22,156,541 acres in 1867 as against 21,174,787 acres in 
1866, showing an increase of 981,754 aore.s in gross land.* 
These returns are oxolusivo of heath or mountain lands." 
Again, “ We have hoard too mueh lately about laying down 
land to gross and depending upon foreign countries for corn.! 
Judging from the latest statistics, that opinion appears to have 
been acted upon. 1 protest against this mistaken pmctieo, as 
most injurious to the country.” The evils of this system are 
summed up by Mr. Mochi as “starving the people and depriving 
them of employment.” Fignros are also quoted to show the 
immensely greater produce derivable from arable than from 
pasture land. “Our 11,500,000 acres in com crops produce on 
an average an annual sum of about 8.1,000,000, besides straw. 
What do our 22,000,000 acres of permanent pasture produce ? 
According to my rough or approximate estimate, only about 
.ifi50,000,000, or about 438. per aero, while our 11,500,000 acres 
of corn, produoo jG 8 per acre, besides about .£2 worth of straw.” 

Neither is the opposite policy of laying down land to grass 
without supporters. It is confidently argued that Groat Britain 
is not a corn-growing, but a grazing country; that the climate 
is favonrablo to grass and unfavourable to cereals; that in live 
stock she is pre-eminent, while in the com trade she compotes 
at a decided disadvantage with foreign eountrios. Therefore— 
for this is the corellary of the proposition—let us lay our land 
down to grass, grow beef and mutton, and purchase r.om in 
the markets of the world at large! Both these views are alike 
unpiaotical, becanso they never will inflnenoo the 'aetions of 
those most directly interested in the question at issue. The 
true method of approaching this question was indicated by 
Mr. Clare Sewell Bead, M.P., at the Fobmary meeting of the 
Farmers’ dub, 1870. Ho said, “ They were oonstontly lectured 
on their dnty to the public. 'Ihoy were constantly told that in 
these days it was the duly of the farmer to grow more; but he 
believed that that was a secondary duty, and that the main 
duly of a farmer was, if possible, to make his farm pay. 


* The letams for 1870 state the area under corn in the United 
Kingdom as 11,755,053 aoree, or :^,000 acres more than in 1867. The 
extent in pennonent pasture was in the same year 22,085,205, which 
was distributed as follows:— 


Gnat Ikitain 18,072,856 no.ihr 40 per cent, under permanent pastnie. 
Inland . . 9.090,968 ,. Ot „ 

Theirtaads. 21.471 19 „ 


22,085,295 

This therefon indleatas a deenose of permanent pistaxe sinoe 1867, 


He, for one, knew perfectly well that pasture laud might be 
broken up and might produce more meat, and yet what was 
done might be an uttorly losing game.” Mr. Bead's tersely- 
expressed views may fairly be looked upon as representing the 
opinion of the majority ^ agriealtnrists. It is a thoronghly 
practical conclusion, based upon the solidity of existing institu¬ 
tions, but cannot be considered as an answer to speonlative 
argnments founded upon abstract principles rather than npon 
present ciroumstanccs. Bightly or wrongly, we have forsaken 
the coercive methods of regulating industry adopted by our 
forefathers. We no longer artificially cheek the flow of preeions 
metals from our shores, or frame laws to protect certain inte¬ 
rests. Wo can hardly imagine the revival of the laws limiting 
the number of sheep possessed by one man to 2,000 (Henry 
Vni., 13 of 25), forbidding any man to occupy more than two 
farms ; or land to bo laid down in pasture {I’ronde’s “ History of 
England," vol. i., page 34). Such acts were passed in ancordraoo 
wi^ views similar to those held by Mr. Mochi, and, if based 
upon correct principles, they ought to be, if not repealed, en¬ 
forced. Inclining, as we do, to the general principle of non¬ 
intervention, as most likely to onconrago the art of agriculture, 
wo aro bound to agree with Mr. Bead that the relative net 
profit, and not the relative productiveness of the two classes of 
land, should be the crucial test appUod. Wo believe, also, that 
these views would be supported by economists; for if pasture 
land were more profitable than arable laud, then would the 
labour expended in converting and maintaining it as arable 
land bo, to some extent, nnproduotivo, and would bo better 
diverted into other channels. The same argnment might be 
tised to dispose of the supposed advantage accruing from the 
increased capital required in the case of such broken-up lands; 
for if capital is not profitably invested it will inevitably be 
withdrawn and placed in some more remunerative enterprise. 

Those who urge the wisdom of ploughing up grass lauds do 
BO on the following grounds:—First, that the amount of human 
food would bo increased—according to Mr. Mochi, quadrupled; 
second, that an immense field for labour would be opened; 
third, that n B.afo investment would be offered for native capital. 
To which splendid reasons wo have only one answer to make— 
That so long as an individnal finds his grass fields more profitable 
than his arable fields, he probably will keep them as they are. 

But the question of arablo versna pasture land cannot be 
summarily settled. There are so many kinds of land, that it is 
impossible to lay down a law api>licable alike to all. It becomes 
necessary to clo-ssify onr pastures, and in so doing we may find 
it advisable to allow some to remain os gross, while others 
would bo more profitable as arable land. All pastures may be 
arranged under one or other of the following heads :— 

1st. The best bpUoc!..,,grazing grounds, such as abound in 

• Lincolnsturo, tbomidlauds, Somersetshire, and more 
or less in every county. 

3nd. Clay land pastures of fair or good quality. 

3rd. Poor clay land pastures. 

4th. Light land pastures of fair or good quality. 

5th. Poor light land pastures. 

6tb. High-lying mountain land, i>rccipitoa8 in oharaotor and 
ungbniol in climate. 

7th. Waste lands, enoh os downs and heaths. 

THE BERT BVliLOCE lAND. 

All agrionlturists agree that lands of this class arc bettor 
left in grass. Testimony to this effect might be adduced to 
almost any extent, but wo forbear, presuming that sneh 
oro based upon sufitoient reasons; and we prefer laying befmik 
our readers some of the most weighty arguments which support 
this conviction. Good gross lands command a higher rent, and 
a greater profit to tho tenant, than any arable land. Secondly, 
it requires many years to bring them into the condition of old 
sward. Easy os it is to brook up a pasture, or cat down a tree, 
it is about equally difficult to replace tho one as the other. 
This is understood by agriculturists, who well know that the 
peculiar condition of good old turf is only arrived at a^^ land 
has boon laid down for many years. Thirdly, suoh laud is a 
safer property; its produce has risen in value, and may rise 
higher; it is less troublesome, and loss subject to oaeualties. 

According to Mr. Morton (“ Parmer’s Cidendar,” page 624), 
one acre of fliat-rate grazing land in Lincolnririre will, under tho 
best oironautanoea, feed an ox and a sheep from New May Day 
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to Old Miohaelmaa; the former will gain 20 atone, or 290 Iba., 
and the latter 10 Iba. per quarter, or 40 Iba., in the time. 
TaMng 7d. per lb. na a very moderate price for tbia produce, 
we have 820 Iba. at 7d., or .£9 6s. 8d., as representing its valne. 
Or if we assume, with Mr. Morton, that the average produce of 
anoh land is 12 tons per acre of graaa, wHoh will bo equivalent 
to 3 tons of hay, this ropresonts, at .£3 per ton, A9 per acre. 

Now it requires very good land, very good farming, and very 
propitiona seasons, to produce £10 per acre average upon culti¬ 
vated fields. This is olcarly shown by the following statement 
of the crops necessary to produce such a sum :— 

First year. 20 tons of swedes, realising, when fed off, 

Ub. per ton.£5 0 0 

Second year. 60 bushels of barley, at 4s. fld. per bushel 13 10 0 
Third year. 3 tona of clover hay, at £3 (consuming 

value).9 0 0 

Fourth year, bushels of wheat, at 6s. . . . 13 10 0 

4)41 6 0 
£10 5 0 

To sot against this incomo would bo a manual labour bill of 
£2 (for heavy crops require extra labour), a horse labour account 
of £1, and a seed bill of lOs. per aero. Farmers who grow such 
crops generally hove htsavy purchased manure and food accounts j 
but since we have assumed the land to be of rich quality, wo 
shall place these at £1 per acre. Without taking into account 
the other numerous charges connected with arable land—snoh ns 
blaoksmiths’, joiners', saddlers’, and other tradesmen’s bills, new 
implements, etc., we are compelled to rcducoibegross profits, to bo 
dividodbotweCu landlord and tenant,frnm£10 to £510s. porocro. 

Wo have presented two cases of arable and pasture land, 
both under very favourable ciroumstancos; but in doing so wo 
havo not forgotten the chances of season and diseaso. These 
items may, however, be oonsidorod as canoolling each other, and 
the balance wiU accordingly appear on the side of tho grass land. 

CLAV LAND PASTUBES, 

Whether of good or bad quality, ought not to bo ploughed up. 
These lands are intractable under tillage ; they arc essentially 
adapted for growing com rather than root and forage crops, 
and for tliese reasons oro loss likely to be profitablo under 
oultivation than lighter soils. Let those who insist upon 
breaking up snch pastures refloet upon the advantage of em¬ 
ploying tho neoessaiy capital in imi>roving the samo land in its 
present condition. Lot it bo drained, limed, annually dressed 
with liberal applications of superphosphates and guanos, for at 
least four seasons, plentifully stocked with sheep and cattle 
receiving cake and oom, the land being judiciously managed in 
every other respect, and wo venture to predict that it will 
repay the enterprising landlord MUi a richer harvest 

than even waving wheat fields could afford. v * 

lIOnT LAND PASTUEES 

Offer a more promising field for those who recommend tillago 
03 preferable to grass. Snch land, when broken up, yields 
plentiful supplies of root and forage crops, and is well adapted i 
also for barley and wheat. It is land which will grow any¬ 
thing, and is worked at oomparalivoly small cost. On tho j 
other hand, it is not so well adapted for growing grass as clay 
soils, being susceptible of injury from drought, and not un¬ 
likely to “ burn ” in tho summer months. If suoh lands do not 
produee suffleient grass, tho qncstion becomes easier of solu- 
tioi^and wo would unhesitatingly recommend the plough. 

^ Hion-LTINO MOUNTAIN LAND 

Will probably remmn in grass, although it may bo improved by 
a shcfft oonrse of tillago. Tims, on the Lammormnir Hills it is 
a common praoHoe to break up tho inferior postures, and after 
taking a crop of oats and turnips, to lay them down with a 
suitable mixture of gross seeds. 

WABTX LANDS, SDCH AS DOWNS AND HEATHS, 

Offer tlm most promisisg prospect for oonvorting grass into 
arable And. It is evident that tho heath farmers of Lincoln¬ 
shire, the wold farmraa of the same county and of Torkshire, 
and the oooupiers of down lands in many of tho southern and 
western counties, have reaiied advantage from the breaking up 
of itioh lands. Take, for example, the case of tho Linoolnshire 
liea(3i« a dktriot de^ibed in the middle of hut oentmry as 


oovered with heath, fern, and gorso, tho only fences being tho 
funse-capped walls of sand that enolosod the rabbit warrens. 

In 1789 Arthur Young describes the enoldsures as having 
boon made within tho last twenty years. Tho effect of arable 
oulture hero has been marvellous. Bents havo risen from la, 
2s., and 3 b. per acre to 30s. titiie free. The land is natnmlly 
easily worked, and is adapted for turnips and barley husbandry, 
as well as for sheep. “ Every part of it,” writes Mr. John A. 
Clarke, “ is under oulture, abounding witii spacious, woll-con- 
structod farm buildings, strong well-fed working horses, and 
immense folds of sheop. Tho barren sheep-walk and Warren 
have boon clothed in fruitfulness, and their riohness preserved by 
unremitting wooding and unstinted mannring.” Suoh examples 
of tho advantage of converting what may bo called pasture into 
arable land abound; but tlicy may bo more correetly spoken 
of as successful instances of ro.claiming waste lands. 

Wo hare now considered all the classes into which tho 
pasture lands (using tho word in its widest sense) may be 
divided. We may conclude that espousing oither side of tho 
question of arablo versus pasture land is likely to lead into 
error, and that tho true method of approaching tho subject 
rests in appreciating thoroughly two imjiortant facts—first, 
that under our present political and social economy it is 
merely a question of jircjfit and loss: and, secondly, that there 
arc many classes of pobtnro land, and tiiat one rule cannot 
bo mode applicablo to all. 

SniP-BUILDINO.—IX. 

JiY W. M. WHITE, 

Fellow of tho Boyul School of Jfiiviil Arehileotm’B, and Member of the 
Institution of Naval Architects. 

THE FUAMINQ OP IRON SHIPS (continued). 

In this paper wo propose to givo some account of tho system of 
framing adopted in tlio iron-bnilt armoured vossols of tho Eoyal 
Navy. This sysUirn—usually known as tlto “bracket frame” 
system—-is an outgrowth of tho longitudinal system, of which 
i Mr. Scott Bussell is the author; but it differs from tho earlier 
I plan in many very important partionlars, and is, by goneral 
consent, acknowledged to bo better adapted than any other to the 
special requirements of iron-clad war-ships. Since tho first iron¬ 
clad, tho U'arrior, was built, considerable ohangos have been made 
in tho methods of constructing such vessels, and tho braokot- 
framo system itself has been since introduced ; but with these 
changoswc caniiot connem ourselves hero, and shall restrict atten¬ 
tion to arraugoments such as would now bo considered good. 

Mr. liocd, tho hite Chief Constructor of tho Boyal Navy, to 
whom tho introduction of tho bracket-framo system is duo, thus 
briefly sums up its characteristics:—" Tho objects of the in¬ 
vention and introduction of this system were to save weight, 
to simplify workmanship, and to add both to tho strength and 
safety of tho ship. Tho characitoristio features of tho system 
arc tho adoption of an inner bottom, and of short anglo-inms 
connected by brackci-phitcs, in place of staple and other forged 
anglo-iron work. A groat inonjaso of longitudinal strength is 
gained by tho uso of much deeper longitudinal frames than 
those of tho Warrior and other of tho earlier iron-olads. 
Another important feature resulting from tho employment of 
deep longitudinals, is that tho spoco between tho two bottoms 
is roomy, and easy of aoeoss for cleaning and pamting—opeiatimiB 
which aro essential to tho preservation of an iron stmotnre. 
Facilities arc also offorod by thoso arrangements for letting in 
water between tho bottoms to servo as ballast, the space J)oing 
so dividod into watertight compartments as to ciuiblo the officer 
to regulate tho trim of tho vessel by filling tho fore or the aft 
spaces. Provision is, of oourso, made to pump out any oom- 
partmout when required,”* 

The sectional view of a portion of the framing of a ship so 
built, in Fjg. 23, will enable tho principal features of tho system 
to be understood more clearly. The main ftames will be seen 
to consist of strong continuous longitudinal girders, L L, plaood 
at the oentro-lmoB of the altomate«trakeB of bottom plating. 
The central keel, or keelson, K, stands upon a flat keel formed of 
two thicknesses of plating. There is an internal skin upon the 
inside of the longitudinals, and this, being mode watertight, 


* “ Bhip-huUcling in Iron and Steel,** page llO. 
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forms tho inner bosncUury of tho double bottom. It is also cns- 
tomary to make the contee keelson, or vertical keel, 'watertight, 
^ well as the fonrth or fifth longitudinal frame out from tho 
keel, thus subdividing tho spaoo in tho double bottom. 

Tho {iroirision of longitudinal strength is, therefore, similar 
in prinoiplo to that previously described, and all that was pre¬ 
viously said respecting the noooRsity for carofully shifting and 
fastening 'Uie bolts of 'the longitudinals applies here also. In tho 
arrangements of tho tronsvorso framing, an entirely nowmothod is 
adopted. Tho transverse frames are ploeed about 4 feet apart, 
instead of being 112 or 14 feet apart, as are tho partial bulkhoails 
in Mr. Scott liussoll’s system. The frame angle-irons, p f, to 
which the ontside plating is riveted, ore fitted in short lengths 
between the longitudinals; but the reversed frames, o c, to which 
the inner skin is fastened, are continuous, notches being cut in tho 
inner edges of tho vertical keel and tho longitudinals, in order to 
allow the reversed frames to pass through unbroken. lu consn- 
quenee,tboBnglo-iron8 on ihoinner odgesof tholongitudinals have 
to bo worked in short lengths between 'tho oontinnous transvorso 
angle-irons; while tho angle-irons on tho ontcr edges of tho 
longitndinola aro continuons, like tho plates to which they nro 
attached. This plan leaves a largo reserve of longitudinal 
strength, and at tho same time provides a eon'tinnons transverso 
tie from side to side, such as does not exist in a vessel built on 
tho ordinary longitudinal system. Of oourso, it is not meant 
'that oven in tho lattor case the indiroct transverso connection 
at tho partial bnlkheads is not a strong one; but on tho whole, 
a direct connection, such ns is provided at frequent intervals in 
tlio iron-clads, seems preferable. 

To connect the frame and reversed fr.amo angle-irons to each 
other as well as to the longitudinals, “ bracket ” plates, ii n 
(Fig. 23), with short angle-irons on their ends are employed, and 
'they have given a name to llio system of construction. Their 
uscfitlnoss will be obvious, and so will bn tho simplicity of work- 
manabip, ooinbinnd with strength of oonnoetion, that results 
from tlioir employment. TJy means of them a very small weight 
of material is mado to supply ample transvorso strongth to 'the 
lower part of tho hull, and at the same time to furnish that sup¬ 
port to tho outside plating which is wanting in vessels with 
■widely-B))aced partial bulkheads. Tho prinmry character of the 
longitudinal framing is left nn'touchud; bnt while tho 'transverse 
framing is subordinated thereto, it is mado strong as well ns 
light. ITiroughout tho loiigih of tho double bottom—which 
would bo about two-thirds of tho total length of tho ship— 
tho bracket-plate nrrnngomont is confo’-med to for foiu: out 
of ovory five or six of tho transvorso frames. At intcn’als of 
about 20 or 24 feet, however, Sfdid plate frames aro substitulod 
for brackets, and ore mado wntoriight, lb us further subdividing 
the space between tho two skins, and forming compartments of 
moderate siso. lliis subdivision, besides possessing the advan¬ 
tages alluded 'to above, adds eou'^iJerably 'to the safety of tho 
ship in case the outer plating is broken, beeanso tho water which 
might enter under such ciruumstanocs would only have access 
to a very limito<l space. 

Before and abaft the double bottom it is not customary to use 
braokot-frames, bnt to fit “lightened plate-frames” instoiul. 
Those are formed very much in tho siwiio fashion as tlio partial 
bulkheads in Mr. Scott EusseH’s ships, only 'they are not more 
than 4 feet apart, and aro lighteno<l considerably by cutting 
largo pieoes out of the central portions of tho plates. This 
prinoiplo of lightening all parts of tho framing to the 
greatest possible extent consistent with a retention of a 
proper amount of strongth is carried out most thoroughly 
in the iron-olads, and the aggregate saving in tho weight 
of hull thus oSootod is very considerablo. As another ex¬ 
ample of this practice, yro may refer to the lo'igitndinal 
frames. Those are formed of very deep plates, with angle-irons 
on the edges ; and at the stations of tho 'transverse frames, whioh 
occur at intervals of 4 feet, these plates are necessarily weak¬ 
ened by the lines of holes pnnohod to receive tho rivets in tho 
connecting angle-irons, as well as by tho scores or notches out 
nnt to permit the passage of the oontinnous transverse frames. 
To leave the full strength «>f tho plates untouched between'these 
nnavoidably weakened sections would obviously bo unwise, bo- 
canse there would then be a great want of imiformity in tho 
strength of the longitudinal frames, and that would bo contrary 
to one of the fnndamcntal principles of constmrtion. What is 
Mtoally done is to cat largo holes in tho parts of the longitu¬ 


dinals lying between tho stations of tho transverse frames, 
the sizes of tho holes being so determined as to leave tho plate 
at least as strong in wake of them os it is at tho adjacent 
weakened sections; and so a saving of weight is effected without 
any loss of strength. J n arranging tho fastenings of the butts of 
thoso longitudinals, it is also the practice 'to aim at a strength 
as nearly as may bo eqnal to that of the unavoidably weakened 
sentions, and greater uniformity of strength is thus onsutod. 

Most of tho longitudinals are continued right forward 'to tho 
stem, and aro strongly uonnonted -with it, thus strengthening 
tho bow most offioionlly for use in “ ramming,’’ a method of 
attack that seems likely to bo much used in'futnro naval engage¬ 
ments. Towards the stern special methods of framing are 
reqniro<l, in order to provide the necessary strength to roaist tho 
strains caused by the screw propellers, which are by no means 
of small amount in these largo swift vessels. On this account 
it is customaiy in ships with single screws to end all except two 
or three of tho longitudinal frames at a bulkhead 1C or 20 feet 
hoforo tho sttjrn-post; bnt in twin-screw ship.s tho longitudinals 
are somotimos run right aft to the stern-post. Tho transverse 
framing at the after end is formed by lightened plates, with stif¬ 
fening angle-irons on tho odgos, and it has a very important part 
to play. It is satisfactory to know, however, that iu these 
powerful steam-ships, with engines developing from 6,000 to 
8,000 horso-power, no signs of weakness have b^n fonnd at the 
sterns, and tho fact coustitatos not tho least important evidence 
of -the superiority of iron to wood. 

In constructing armoured ships special requirements have to 
bo met, and tho builder has to consider how best to combine 
lightness with strength and safety, in order that he may bo able 
to carry 'thicker armtmr on tho sides and heavier guns in the 
batteries. Ho has also to de'vise arrangements that 'will turn 
the armoured portion of tho vessel into a strong target, and at 
tho samo time to ensure eificient connection between that part 
of the strueturo and tho unurmoured under-water xiartof tho hull. 
Tho systom of braeket-fraining is, of course, only used for the 
nnarmonrod part, and it would end at 'the height where the 
armoured sido begins, say & or G feet bolow tho line at which 
the ship is intended to float when fully equipped. Above that 
height tho main framing consists of strung transverso frames 
spaced about 2 feet apart; and the governing idea of the 
structural arrangements is to mako tho vessel’s sido strong 
against tho impact of shot and shell. Only 'the leading features 
of these arrangements can bo described, and to illustrate them 
Mgs. 24 and 25 h.avo been drawn. In both these Figures it 
will bo observed that tho armour-plating ends upon a longi¬ 
tudinal shelf, or recess-plate, marked 8; this shelf is rooUy 
tho uppermost longitudinal frame of 'the sot to which L I, 
(Fig. 23) belong. Behind 'tlie armour coino tho jdanks of 
wood forming tho “ baR^jjg,’’ and upon the inner aide of 
lhi$ aoiucs tho “ skin-plating,” worked in two thicknesses. 
Tho frames, F f, within tho skin-plating, aro thoso just 
oludod to as having a spacing of 2 foot only. This strong 
combination is further strengthened by horizontal frames or 
girders, a <t, worked outside the skin-plating at intervals of 
abont 2 feet, and crossing the inside frames at right angles. 
As B final yjpnlt a very strong target is formed, whioh, whan 
tried at Shoebnryncss, proved to be capable of resisting most 
efficiently the great and snddon shocks caused by the blows of 
projeotilos. 

To efficiently oonneot the parts lying above and below the 
armour-shelf of snuh a ship is obviously no easy matter, hut the 
difficulty is well met by cither of the plans in Figs. 2 i end 25. 
For example, in Fig 21 tlio alternate frames, f, ore 
down, and (Ureutly connected with the continuous transverse 
frames, o c (Fig. 23), thus oompleting tho Irunevcrso tie from 
gunwale to gunwale at intervals of 4 feet. In that case, how¬ 
ever, tho inner skin is not worked ffiroctly upon tho frames up 
to tlie height of tho armour-shelf, but its npiier part is placed 
vertioally at some distance within tho frames, and formed into 
what is termed a “ wing-bulkhead,” well stiffened by angle- 
irons. 'The upper part of such a bulkhead is sho'wn in Fig. 24, 
and is marked n ; its lower edge would meet the insile of the 
frames at a longitudinal, whioh would be made water-tight, 
thus shutting off tho wing-spaces from tho double bottom proper. 
Against dangers resulting from penetration of the thin outer 
plating immediately below the armour by shot, by torpedoes, or by 
ramming, -the provision of those wings is obviouriy advantageous. 
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and M ttanarerw watertiglit paxtitioiui am' fittad in iha wings 
at bequest interTalB, aaoh penetration would only admit wetw 
to limits qpaoee, leaving the Teseel but little ibe worse so long 
as the wing-bulkheads were not broken through. As a means 
of giving longitudinal strength to the structure, also, sooh bulk- 
hei^ an not to be despised. 

The arrangement in J^g. 25 differs from that in Fig. 24, is that 
there is no wing-bulkhead, the inner akin being worked directly 
upon the frames quite up to the height of the armour-shelf, 
which is made up of a very broad longitudinal, forming a 
watertight top to the double bottom. The 
frame, r, behind the armour, is not con- 
tinned down (as in Fig. 24) to meet the 
oontinuoua transverse frames, but is ended 
upon the armour-shelf, and the double¬ 
angle irons on the outer edge are turned 
inwards so as to be riveted to the shelf-plate. 

A very strong indireot transverse connootion 
is, however, formed at intervals of four feet by 
means of the deep plate-frames fitted beneath the shelf, and the 
angle-irons on their edges. Instead of having the deck-beams 
formed with knees, as in Fig. 24, a simple plate, b, is used to con¬ 
nect them with the frames, f, and with the shelf-plate. All these 
changes spring from the foot that the double bottom is oontinuod 
up to the armour-shelf, and wing-bulkheads dispensed with. The 
alteration has been made after full trial of the first-named plan; 
and itappears to have an advantage on the whole over the older ar¬ 
rangement, beeauRO it leaves thohold space greater thanitwonldbo 
withwing-bnlkheads, 
and yet provides for 
strength and eafoty 
no less efficiently. 

The sketohes show 
in snffioient detail 
how the armour-shelf 
is oonneoted with the 
bottom-plating and 
iibe skin-plating bo- 
bind the armour. In order to show more clearly the arrange¬ 
ment and oonstmotion of the frames behind the armour, wo have 
given in Fig. 26 a horizontal section of the side of an iron-olad. 
From this it will be seen that the frames f f are each made up 
of a deep reversed frame, with double angle-irons riveted to the 
outer edges. The external girders, o a (Pigs. 24 and 26), are 
usually formed of deep-flanged angle-irons. 

This brief description of some of the principal features in the 
firaming of iron-eled ships is all that tho space at our disposal 
permits. Before leaving the subjeot, 
however, it may be interesting to 
tUnstrate the great advantages f'ciiW** 
have resulted from usingironinstead f>> 
of wood for the hulls of such vessels. 

Mr.Beodstatesthatintho Caledonia, 
one of the so-called “ converted iron¬ 
clads,” wood-built, the hull weighs 
60 per cent, of the total weight 
of the ship and all she carries; 
whereas in the Audacious, an 
iron-clad built on the bracket-frame 
system, the hull only weighe 45 
per oant. of the displacement. The 
saving in weight of hull obtained 
by the ohange in material and 
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i (rf oonstmotion equals therefore 6 per cent, of the entire 
weiidth of ship^ and laffing, and in the AuAaeious hereelf 
amonntad to quite 276 tons. This saving can, of oemrse, be 
applied is inoreasing the thickness of the armour, the power of 
the guns, the force of the engines, the speed of the ship, eto., 
making her far more formidable than she wonld otherwise be; 
at the same time it is aooompanied by increased strength, 
safety, and duiabiliiy, as compared vrith the results obtainable 
with mod ships. Oa all accounts, therefore, there is reason 
for ooafntnlation at the change from wood to iron hxdls that 
was mode in our Navy aimnltaneously with the introduction of 
armour-plating. The French have continued to build mostly in 
wood; and quite reoently itetements have been made, apparently 
on good antiioriiy, that many of their earlier armon^ ships 
have bMoae so rotten an not to be worth repsir; whereas ^ 


fFarrior, and other of our iron built ships of equal age are still 
in good oondition, and employed on aotivs servioe. 

TBAicnro or ooHroem eaxpa. 

In the great features cd their firaming, ordinary iron and com¬ 
posite ships are very similar. Stripping the iron vesshl of her 
outside plating, with the exception of a stnAe near the turn of 
the bilge, and one—^named the “sheer-stiake”—near the level 
of the upper deck, and then adding diagonal plate-ties or rid^ 
on ^ outside of the frames, ws arrive at the framing of the com¬ 
posite ship. Both have the main frames placed transvwsely, 
and supplemented by longitudinal keelsons 
and stringers; but in the oomposite ship the 
skin is of wood, and consequently teqniies 
the aid of diagonal ties, for reasons which 
have been fully explained in previous papers. 
Flat keel-plates are also oommonly fitted in 
oomposite ships, and to them the external wood 
keels, into which the skin is rabbeted, are 
bolted. These keel-plates are continued up 
also for some distance on the wood stem and stern-post, which 
aro thus more strongly oonnected with the wood keel. 

The above is the common plan, and will bo at once under¬ 
stood by comparison with the account of tho framing of iron 
ships previously given. Many other very singular systems 
of framing have been used in particular cases, but have not 
been generally adopted. For instance, several vessels have been 
built with floors, and roiddle-lioe arrangements of keel, keel¬ 
sons, eto., liko those of wood ships, but with frames from the 

bilges upwards like 
those of iron ships, 
k—c Other ships have 

been oonstmeted with 
transverso frames 
formed of T-iron im¬ 
bedded in wood, and 
strengthened by very 
numerous bnt slight 
diagonal ties. Others 
again have been built with no diagonal ties upon the frames; 
and probably greater variety might bo fonnd in tho framing 
of this class than in that of either iron or wood ships, although 
it numbers comparatively few vessels. 

In the “sheathed” ships of tiio Boyal Navy we have ex¬ 
amples of a novel prinoiple of oonstmotion wbioh may, i>er- 
haps, be best referred to in this paper. They are really iron 
vessels, with the skin-plating rather thinner than would gene¬ 
rally be fitted in ships of equal size, and with wood plank¬ 
ing or sheathing outside the iron 
sk^. The primary object of this 
oonstmotion has already been stated 
to be the prevention of fouling by 
ruing copper or metal sheatbbig; 
and it uill be obvious that so fax 
as the framing is oonoeraed, sinoe 
there is a complete iron skin, tho 
designer has as great a freedom of 
ohoioe as in an ordinszy iron ship. 
In the particular ships referred to 
the framing is arranged on a plan 
differing from mthor of thoee de- 
Boribed. Themaintransversefiaroes 
are continuous from gunwale' to 
gunwale, and are spaoed seven feet 
apart. Baoh frame oonsuts of a deep reversed frame, vrith a 
single angle-iron on its outer edge. In assooiatiou with these 
frames, three or four strong longitudinals are fitted between tho 
upper turn of the bilge and the middle line. Each longitudinal 
consists of a deep plate, running along inside the main trans- 
verso frames, with an angle-iron on its inner edge; and has its 
lower edge riveted to ratmosial plates fitted between the trans¬ 
verse frames. The vertical keel is similarly formed. luterme- 
diato between the main ,tranBverse frames, similar frames are 
fitted extending from the gunwale todihe b%e, from which they 
are completed to the middle line by means of lightened plate 
frames fitted between the longitudinals. The spaoing of the 
transverse frames is tiius reduced to feet. This system of 
oonstmotion is oomparatively simple, a^ is fonnd to auswet 
reuuurkably welL 
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TECHNICAL DEAWING.—LXIL 

D»AWI»a KOE BBICKLATBES. 

PM T Jltl KiJtT OBSXBVATIOK8 OH BBIOXS aBRHIUZ.I<T. 
Thk pi^oipleB of briokwork luring been treated of and iUiu- 
trated in “ Building' Conatrdction," the eabjeot 'will be farther 
worked oat in 'the present leeaong, and an opportnnity will be 
giren to the atndente who have obtained general notions of thia 
bcanbh, of increasing their stock of knowledge, and of entering 
into details^ of oonatraotion and fora, thus aoqniring the power 
of di^ea&g works which l^re bem, or ore to be, erected, 
witii intelligence and interest. 

Bie work of the bricklayer and that of the carpenter ore 
intunately combined, and these two fora the principal part or 
carcM ef the bnilding; their work is stractnroJ, whilst that of 
the joiner, the plasterer, the painter, etc., is secondary, or in 
seme oases ornamental. 

In the present mode of finishing dwelling'hoaaes in England, 


abont six milea from Hillah, on the western bank of the 
Eaphrates. At the top is a solid pile of brinkwork about 38 feet 
high, and 28 feet broad, rent and partially vitrified by the action 
of whUe 'the summit of the moond is strewn 'with huge 
vitrified masses, in which the oonrses of the brides can be plainly 
tneed. 

The Greeks nsed chiefiy three kinds of bricks—the first sort 
was celled “ bricks of two palms," the second " of /our palms," 
and the third of five palms." Besides these they had also 
bricks of jnst half the above dimensions, need for ma.Hng their 
work more solid, and for giving an agreeable divenity to its 
appearance. 

The Bomans began to bnild with bricks towards the d ec l»n« 
of the Bepnblio. According to Pliny, those most in nse were a 
foot and a half long, and a foot broad, which agrees with the 
dimensions of nomerons Boman bricks found in England— 
namely, abont 17 inohes in length, by 11 inches in breadth. 

I The stately oolnmns of Venice were built of bricks, which. 



Figr520. —pnssniiT arFBABANCE of tub uius nihuud—b'upfosbd to bb tub toweb of babeI). 


^v'Qiythin^ excepting the outside waUs (and oven these are often 
ooyered 'with stnoco) is cased up by the joiner, plasterer, and 
painter, in suoh a way that the whole of the carpentry as con¬ 
nected with ‘the ’walls is completely hid. In this serios of 
'onr lessons, ‘therefore, we shall endeavour, by giving sectionB, 
ntc., to show the manner in which 'the woodwork is oonnocted 
with the briokwork, and to give such ilinstrations of detaUs of 
'constmotion whioh oonld not/Otherwise bo obtained withont 
’Visiting bnildings in oonrse of erection, and watohing the pro¬ 
gress of the works from beginning to end—a plan wldsh, where 
possible, is most desirable and important. 

Brinks mnst be oonsiderod as artificial stones, and the use of 
them seems to date from the earliest period of the history of ' 
We know 'tixat tire tower and city of Babel were bnilt 
m brioks, and that the children of Israel were employed in 
■“Wpt not onty in making, Jmt in bnilding ■with them, and the 
nnmerons bncks found show ns the exact size, fora, and 
qu^^ of those nsed in these remote tunes. 

^fc^pasUng of the tower of Babel, we may remark that tbs 
veamtes rf this early brick stmoture, possibly the oldest of the 
■till in existenoe, are supposed by Bir B. K. Porter i 
ana others to form (ho Bin Nlmrnd, a moond of ixregnlar shape I 

▼06. in. 


according to Sir Henry Wotton, were first formed in a oironlor 
mould, and out, prior to thoir being bnrnod, into four or more 
sectionB. Afterwards in laying, they wore so closely and accu¬ 
rately joined, that the oolnmn hod the appearance of being 
formed of one entire pieoe. 

For the general purposes of building, bricks have oertaiv>^- 
vantages over stone—not only as being lighter, but also bocaustf^ 
their porous texture facilitates their union 'with mortar, and 
makes them lees liable to attract or retain damp and moisture. 

In England, the moulds in whioh bricks arc formed are 
10 inohes in length by 5 inohes in breadth. The bricks when 
burned are rather less 'than 9 inohes long, 4^ inches broad, and 
2j' inohes thick. The degree of shrinkage, however, is various,' 
according to the pnriiy and temper of the clay, and the intensity 
of the heat to whioh it is exposed. In order to avoid donVe lines 
to indicate the joints in drawings representing briokwo&, the 
lines are drawn at what would bo the middle of the mortar, and 
the bricks are thus for dratring purposes oonsidered as being 
9 inohes long, 44 inches wide, and 24 inches thick. iViving 
brioks are 9 inches long, 44 wide, and If inohee thiok. " 

It is nsnal to oompnte thickness of walla by the nnnibet of 
brioks or half-bricdca extending across them, in whioh measara* 
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molt allowance ia alao sMide for tbe mortar naed in the Textioal 
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TVliilat, howerer, this method is followed in doBoribing the walla 
of houses and other oiyil buildintm, the dimensions of the reret- 
meats of fortresses or other military stractoros, and substantial 
masses of briokwork, are always stated in feet. j 

la the Tioinity London, bricks are commonly burned in i 
olampa; in many parts of the country, however, it is the custom 
to bva them in kUns, whieh not only require less fuel and save 
time, but also turn ont the bricks in a more compact condition. 

Li building the olamps, the brioks are laid after the manner 
of arohes in the kilns, with a vacancy between every two bricks 
to admit of the action of the fire ; bnt instead of arching, the 
space for the fuel is mode by making the layers project one 
over tbe other from each side until they meet at the top. 

The fine is about the width of a brick, carried up straight on 
both sides about throe feet; it is then nearly filled with dry 
bavins or wood, on whiob is laid a covering of sea-coal and 
oinders, or breeze. The arch is then overspanned, and layers of 
broese ore strewed over the damp as well as between the rows 
of brioks. 

When the elamp is about the width of six foot, another fine is 
made, in every respect similar to the first. This is repeated at 
every distance of six feet throughout the whole clamp, which, 
when completed, is surrounded with old bricks, or some of the 
driest unbaked ones which have been roserved for the purpose. 
On the top of all, a thiok layer of brooBO is laid. The wood is 
then kindled, which gives fire to the cod, and when all is oon- 
mimed, which will be in about twenty or thirty days if the 
weather be tolerable, the brioks are ouucludod to be sufiiciontly 
burned. 

If the fire in the clamp bums well, ibo months of the flues are 
stopped with old bricks plastered over with clay. The outside 
of the whole damp is also plastered with day if the weather bo 
preoBiions ; or if the fire burn too furiously and against any 
side particularly exposed to rain, scroena are laid, made of reeds 
worked into frames six feet high, and sufliuieutly wide to be 
moved about with ease. 

A li^ln is usually about 13 feet long, about 10 feet 6 inches 
wide, 12 feet in hei^t, and will bum 20,000 brioks at a time. 
Tbe walls are abofit 1 foot 2 inches thick, and incline inwards 
towards the top, so that tbe area^^Hlie upper port is not more 
than 114 square feet. The bricks are set on flat arcbest bavisg 
holes loft between thorn resembling lattice-work., Tbe brioks 
being set in the kiln, and covered with pieces of broken bricks 
or tales, some wood is pnt ib and kindled, to dry them gradually i 
this is continued until the brioks arc pretty dry, which is known 
by the smoko turning from a dark to a transparent oolour. 

The burning then takes place, and is effected, by putting in 
brushwood, fnrso, heath-fagots, etc., the mouths of tbe kiJp 
having been previously stopped with pieces of brick, oallod 
sMn*loy, piled one uimn another, and closed over with wet brick- 
•oith. This shin-log ia carried just high oiiongh to leave room 
Boffioaetit to thrust in a fagot at a time. The fire ia then mode 
^m>j;]|yd»oontinnod until tbe arches assume a whitish appearance, 
ntS the flames appear through the top of tbe kiln, upon whieh 
the flfs is slackened, and the kiln cools by degrees. This pro- 
cess is oontinaed, alternately heating and slackening, vntU the 
bricks aw thoroughly burned, whieh is generally in the space of 
{orty-eiight hours. 

OF THX VAlUXTtSS OF BBICKS. 

The bricks tnosh generally used are marls or «n«{ms, slocks, 
and place brioks j but there is little differonoo in tiicir mann- 
faotnia Slarls aw prepared and tempered with the greatest 
cows out the oonstraotion of the damp for burning them is 
rimilar to that for other bricks, though more caution is required 
ao( to overheat them, and to see i^t tiie fire bums equally 
ibnathoat the okmp or ld}B< 

' Tlka finest mahns, obUsd/rsls^ are selected as outfing bricks 
ot doorways, imCtnrai and .qnoin% for wldoh pur¬ 
pose am rubbed to tiieis proper dimraaions and £ona. 


The next best, termed seconds, are ns^ for principal fronts 
when superior work is required. The cleanly, pole yellow oolour 
of malms, added to their smooth texturo and durability, give 
them a pre-ominenoo over other sorts of brioks. The ^d 
of brioks most used in each ooun^ depends, however, prinoipally 
on tiie clay found in the imme^te locality t .thus the white 
Suffolk may bo called a London brick, whilet the red day in 
Cheshire yields the rod brioks used to so great an extent in that 
diatriot. 

Orsyatooks ore somewhat like tho seconds, bnt of an inferior 
quality. These may be termed tho standard brioks, and although 
not equal to malms, should possess two qualities—they,, should 
bo sound in body and palo in colour; in foot, the nearer they 
approach stone in this respeot the bettor. 

Flaoo bricks, sometimes called peclcingz, »a/ndal, or $emel 
brioks, are such as, from being entoido a kiln or clamp, have 
not been thoroughly burned, and are consequently soft, of a 
more uneven texture, and of a rod oolour. Tliero are also burrs 
or clinker brioks, such as, from being too violently acted npon 
by fire, have vitrified in the kiln, and sometimes several are 
found run together. 

Red stocks arc made in different parts of tho oountry, and owo 
their oolour to tho nature of the clay of which they aru formed, 
which is always tolerably pure. The best sort arc used as 
cutting bricks, and are called red rubbers. In old buildings 
they are frequently to be seen, ground to a lino smooth surface, 
and oot in putty instead of mortar, as ornaments over arches, 
windows, doorways, etc. Though many very boantifnl speci¬ 
mens of rod brickwork arc to bo met with, yet (says Mr. Peter 
Nicholson) “ these bricks can seldom bo jn^oionsly used for the 
fronts of buildings, the colour is much too heavy, and in summer 
conveys an unpleasant idea of heat’ to the mind, to which may 
bo added that, as in tho fronts of most buildings of any conse¬ 
quence more or less of stonework is introduced, there is somo- 
toing harsh in the contrast between tho red bricks and the cold 
colonr of the stone; and even where no stone is employed there 
is always some wood used, which being often painted white, by 
no means lessens tho objection, tiraystooks match so mnch 
better with the colonr botli of stone and paint that they have 
obtained a nniversul preforonoe in London and its immediate 
vicinity.” It must, however, be added that villas and suborbau 
residences built of rod bricks with stone dressings ore in tlie 
present day not at all uncommon. 

At Hedgerloy, a vilhigo near Windsor, red brioks abont 
inches thick, of very firm texture, are mode; they will stand 
tho greatest violence of fire, and are osJled Windsor bricks, and 
sometimes fire-bricks. 

Besides the fongoing varieties, tho following must bo men¬ 
tioned, aitliough some of them ore not often seen now:—1. Tim 
ordinary Raris hric^, whirii is 6 inches long, 4 inches broad, and 
2 inches thick, French measure, which makes them rather larger 
than ours. 2. Buttress or plaster bricks, made with a notch at 
one end, half tho length of the brick, used for binding work bnilt 
with groat bricks. 3. Capping bricks, used for tho purpose 
which their name denotes. 4. Great bricks, used in fence walls j 
I they are 12 inches long, 6 inches broad, and 3 inches thiok. 
5. Cogging bricks, for making tho indented Work under tbe 
oBpping of walls bnilt with great brioks. 6. Compass brides, of 
a ciro^ar form, for stoyning walls. 7. Cmea/oe bricks, made 
flat on one side like an ordinary brick, and hollowed on the 
other; used for drains and wator-ooorses. 8. Dutch or Flemish, 
bricks, used in paving yards, stables, eto.; also for lining soap¬ 
boilers’ cistorns and vaults. 9. Feather-edged bricks, made of 
the same size with the ordinary statato brioks, but thinner on 
one edge than on the other; they are need for pinning up brick 
panels in timber buildings. 

Brick and tile paving is performed by the brioklaytr. Brick 
pavihg is either fiat or on edge, in sand, in mortar, or eemont. 
Btiok flat paving in sand—^that is, with the brioks laid>on their 
broadest surfaces and bedded in and dn dry sand—is'not to bo 
considered strong, or permanent; nor is fiat paving in mortar 
muoh bettor, for if the soil on whi<^ the brioks are laid bo at aU 
light or sandy, th^ become , loose by unequal pressuro,-water 
or damp is absorbed by tho ground beneath, apd the paving 
yields to tbe tread t in.£a($, toin mud sometimes ooUsete under¬ 
neath, whicib, aaa brii^ii trodden npout is pressed upward, and 
the floor is tons kept.laaopastoid^ damp, dkiy-,aiBdttB)»altby 
oonditioa. 
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GBEAT MANUFACTURES OF LITTLE 
THINGS.—VII. 

. LOCKS. 

BT CHARLES UIBBR. 

BEHEMBERlHa iho ponderoaH macbines upon \rluch the Artist 
metal-workers of the Middle Ages used to lavish so much wealth 
of doqoration, it might seem that we are scarcely justified in 
placing the subject of this article among the “ Manufactures of 
Little Things." But when it is stated that the average yearly 
production of looks in one district alone is not less than 
25,000,000, of which by far the larger port are small till, cabinet, 
and pad looks, some of the latter being sold wholesale at the 
ridionlonsly low price of 2id. per dozen, it will be seen that 
they have a fair title to bo comprehended in this scries. The 
district alluded to, which is the principal scat of the industry in 
the kingdom, comprises Wolverhampton, Willunhall, Walsall, 
Wednesfield, and several smaller towns in what is familiarly 
known as the “ Black Country." Of these, Wolverhampton may 
chum to rank first, since hero are made those qualities which 
combine scientific construction with high-class workmanshi]), 
and which aro sold at high prines, varying from a few shillings 
each to several pounds. Here are tho famous works of Messrs. 
Chubb and Son, whoso make was estimated by Mr. J. C. TU- 
desley in 1866 to bo 30,000 per annum, none of which were sold 
under ten-shillinga each. Tho reputation of Wolverhampton 
for lock-making is not of yesterday. Dr. l*Jot, writing in 1686, 
says quaintly : “ Tho greatest oxcolloncy of tlio blacksmith’s pro¬ 
fession in this county lies in tho making of locks for doores, 
wherein the artisans of Wolvorhoraptoii seem to bo preferred to 
all others. . . . And tbuso locks they make eitbor with brass 

or iron bozos, socnriously poh.sh’t, and tho keys so finely wrought, 
that ’tis not roasonablo to think they worn ever ozeeeded unless by 
Tubal Cain, the inspired artifioer in brass and iron." Willonball, 
on tho other band, is tho chief seat of 1 he r/trap luck manufacture, 
and BO oxcoodingly rapid is tho process of production, that a 
Willenholl lockmakor is popularly said novor to take tho troublu 
of stooping to pie.k up a lock which he may happen to lot fall, 
because it would take him less time to make another. Tho 
oommou and simple sorts are certainly put togotbor with great 
celerity; tho various parts being cut out with a press, tho holes 
pierced, and the bright portions polished boforchaud, so that 
they only require to bo riveted togoiher with a few taps of a 
hammer, and tho touch of a file is scarcely noodeil. 

Many curious specimous of ancient locksmiths’ work still 
exist, remarkable for what our forefathers used to call tho 
“ pretty conceits ” of their oniameiitatiuu and construction, 
which wo have not tho necessary space to describe. Wo must 
be content to refer only to such as will servo to illustrate our 
aukjeot as we proceed. It is thought that the technical student 
will be most interested in following the various 8toi)s or stages 
of improvomeut in construction, which hevo enabled us to sup¬ 
plant the rude, heavy, and ominoutly unsafe locks of former 
times, by tho complex and beautiful machines that now guard 
fho doors of our merchants’ and batikors’ safes. There is not 
much to bo said about the methods of manufactnio, tho skillod 
hand being tho principal instrument visod in tiio production of 
the hotter kinds of looks; but there is very much that is 
interesting in tho history of the successive inventions which 
have been brought out with a view to secure the one dosido- 
ratnm—impregnability—and their defeats in detail by tho efforts 
of tho scientifio lockpickers. Such mechanical or other oon- 
ttivonoes used in tho workshops as have novelty, wo shall not 
fail to notice; but our principal object will bo to convey to the 
reader’s mind’ a clear idea of the moclianism of tho looks thorn- 
aefives, from the earliest and simplest down to the latest and 
most intricate. In attempting this, wo cannot pre'.end to do 
more riian touch tho main landmarks of the subjeot; we cannot 
describe all modificatienB of detail; but we shtdl endeavour to 
make clear tho several ohainges of prindplb which have been 
introduced into lock-oonstruotion. To do this without diagrams 
be difficult, but if thcBreader will give his attention, we hope 
to snoeeed. 

Tbe eaident Egyptian wooden lock, winch, guarded the doors 
ef ^abes, and whicfii is in use to day in Turkey and the 
Beat, may serve as a good stuting^pomt for onr inquiries. It 
is more like a Ixdt thai^a look, and we shall best under¬ 
stand itKdeaaription by k«pkg in our mind’s ^e the modal of 


I an ordinary door-bolt, working into a staple. The bolt itself 
I was a beam of wood, and tho staple was adso a huge block of 
! wood, cat amy to receive the bolt, a similar block being fixed 
upon the door, for the bolt to slide in. When tjie door was dosed, 
and the bolt shot into the cavity of the Uook that was fixed 
uiion the jamb, the bolt meohanism proper was complete. Kow 
for tho looking. In tlie upper part of the block that was fixed 
upon the door hod been bored, say three, vertical holes, in 
which lay loosely as many wooden pins, their lower ends fitting 
on tho top surface of the bolt. When the bolt was poshed as far 
as it would go into tho staple on the jamb, in oi^r to fasten 
tho door, three corresponding holes, bored in the anbstance of 
tho bolt itself, came immediately under tho loose-lying pins, and 
they fell in by their own grravity. 'I’he bolt was tto^ore fixed 
until the pins conid be lifted out again. . A plate fastened on 
tho top of tho block prevented the heads of the pins being seen, 
or reached, from tho outside. It should be understood that the 
pins wero furnished with projeoting hoods which only allowed 
them to fall a certain distance. Now for tho key. ’This was 
also simply a straight bar of wood, with pegs fixed near one 
extremity, corresponding in number and position to the locking 
pins. A longitudinal slot cut in tho face of tho bolt on the side 
nearest tho door admitted this key, it being of sufficient height 
to allow tho projecting pegs to pass. When tho key was pushed 
to tho end of the slot, tho pegs being immediately under the 
locking pins in tboir holes, it was lifted up bodily, and pushed 
tho pins upwards until they came fiush with the top of tho bolt. 
Then key and bolt together were drawn back until the fastening 
was released. So ponderous wore some of these ** locks,” that 
tho key was almost as much as a muu could carry, and it was 
of this kind that tho prophet .Teromiah spoke, when ho pro¬ 
phesied, “’The key of tho house of David will I lay upon his 
shoulder.” Tho reader is requested to boar ibis description in 
mind, os he will discover that this i)rimitive device of the ancient 
Egyptians is the typo of tho niodom tumbler-lock. 

It will readily he seen that a door fastening like this, though 
not devoid of ingenuity, would present no obstacle to a modern 
Uouse-liftor. Nothing would Ito easier than to ascertain the 
position of the pegs by taking an impression of them with a 
blank bar, properly waxed. 

Tho next stage of improvement was properly tho warded lock, 
about tho date of whoso introduction thero is considerable doubt. 
Warded keys have been found at Pompeii, and among Homan re¬ 
mains at various places, differing very little in shape from those of 
tho present day. Tho bolt was no longer of wood, massive and 
clumsy, but of metal, probably bronze, and of more reasonable 
proportions. It would also nocossarily be enclosed in a box, in 
order that the wards might be affixed in their proper places and 
concealed, and so would be 't suflicient rosemblancu to a modem 
or^iitiry warded lock to render a description of the latter 
safliciont for our parposo. Everybody is familiar with the action 
of tho common back-spring door-lock, in which, by tho turning 
of a key, the bolt shoots backwards or forwards with a jerk-and 
a snap. ’The solid lump of iron which enters tho receptacle on 
the door-post dues not represent tho thickness of the bolt 
thronghont< insid^ tho box of the lock it is out away to a thin 
strip, and slides within runners fastened to the back plate. Out 
of the bottom edge of the strip is cut a scmi-circulor recess, oallod 
the talon, in which tho key catehos, and impels the bolt either 
way,According to the direction in which is turned. A spring 
presses on the top of tho bolt, and cansos it to grind in its 
motion upon tho edge of a stud, fastened to tho back jiJiK'.'V 
lower side of the bolt resting upon it at its hinder eztrem.'\, 
behind the talon. Two shallow notches cut in this part of 
tho bolt, and tiio space between them smoothed and rounded, 
so that when tho key turns in the talon, the bolt is lifted, as it 
were, out of one notch into the other. This cansos tho jerking 
motion that is felt in locking and unlocking tho door. Tho_ pro¬ 
jecting i>art of tho key which works into the talon, and which ir 
called tho bitt, or web, of tho key, is impeded in its rovolntion 
by eertain strips of metal attaohed to tho back plMe, which 
render it necessary for corresponding clefts or slots to be made 
in tho bitt, in order to pose them- This constitutes the ward 
arrangement, which may be as complicated as the artificer 
pleases. Some of the ancient locks hod wards of tho most 
intricate ebarooter. ' Upon tho edges -of the ‘upxigbt strips, 
whioh ran zoimd the look in the direotion of tho sonfi-oiranlar 
sweep of the key, were fastened cross pieoes of varions shapes, 
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caUed bridge-varda, which roqoirod praforaitioiw to be made is 
the key neembling an anchor, a star, or some other artistio 
device. It aill be obvious that in the case of a lock which has 
to ^ opened from either aide, snob as that of a street door, there 
mnat be wards npos both plates, and also that the wards upon 
the front plate must be oimotly identical with those upon the 
back plate, or otherwise the key will not be reversible. 

The great fault of the warded look is that it may be very 
easily picked. Seeing that the only iwrt of the key which really 
does ^e work of locking and nnloaldng is that end of the bitt 
which impinges upon ^e talon, it wsa only necessary to ont 
away all the middle part to escape the wards altogether. A 
look might even be opened with a piece of bent wire, provided 
it wore strong enough to overoomo the resistance of the spring. 
To defeat this in some measure, wards were fixed which required 
a slit to be made in the end of the bitt; and in the case of a 
non-ievettible key, wards of oomplioatod sbapo were attached 
to the front plate of the lock, so that the perforations required 
to be started from both sides, and to run into each other in an 
intricate pattern that oonld not well be guessed. But however 
elaborate the defences, they wero always to bo ovorcomo by a 
professional picklock, if only he could snatch an opportunity to 
take an impression of the wards with a blank key, coated with 
wax or soap, or even with the smoke of a tallow candlo. Having 
secured thte, he could make a skeleton key of the shape required, 
taking care that it should have a cavity wherever there was a 
ward to encounter, and the look was at bis mercy. In fact, he 
had only to carry a suffioiont assortment of skeleton keys of 
different sizes and ehapes, Z shape, M shape, etc., to bo able to 
master almost any lock he might have the chance to operate 
upon. 

Manjudevioes were early resorted to for the purpose of increas¬ 
ing the security of tho warded look, such as that of introducing 
on alarum, oto.; but bolder inventors sought safety in departing 
from the principle altogether. Tho most curious example wo 
have of a look having neither words nor key, is tlie lottor-pad- 
lock, which appears to have been invented about the beginning 
of the sevontoonth century. A.s it enjoyed a great reputation 
pp to a late date, being used for tho fastening of courier’s des¬ 
patch-boxes, coffers containing deeds, oto., whore secrecy and 
inviolability wero dosidoiatcd, and as it will serve admirably to 
illustrate a most important point in our present inquiry, it will 
bo oonveniont here to deacrlbo it. In general appearance it 
resembled > barrel or cylinder, slung horizontally between the 
two ends of a bow. Tho bow, or shackle, was hinged at one 
end to the barrel, and when sbnt down was soenred at its other 
end by a catch fixed on a spindle which passed into, and fitted, 
tho whole mtorior length of the barrel. All that was necessary 
to open the look was to draw oSlTthe spindle Hufficiontly^to 
release tho catch. Tlie problem then was how to provedt any 
person, not tho legitimate user of the lock, from drawing out 
tho spiudlo. This objoot was effucted by tho following ingenious 
oontrivanoo. On tho spindle was a row of studs, set at equal 
distanoos in a line. A longitudinal slot in the barrel permitted 
tho entrance of iheee studs, which were long enough to project 
through the slot, and to stand up a little above •the exterior 
Buifaco of the barrel. to tho barrel were now slipped a 
series of stout flat metal rings, eaob having a transverse groove 
at one part of its internal periphery, to enable it to pass the 
•till protruding studs. Tho internal edges of eooh rin^ were 
also stepped or rabbeted all round, so that when all the rings 
together on the barrol, those steps, joining, formed a 
^undri^ groove within which the stud would freoly traverse, 
if the nngs were turned ronnd. The rings, therefore, being 
OBOO passed over tho studs, and moved ronnd a Uttio by the 
fingers, would effeotoally look the spindle in riie barrrii, nor 
oonld it be withdrawn until all the rings were restored to that 
position in which the transverso grooves came together in a lino. 
As the outside of the rings was smooth and even, and as ikey 
fitted aoonrst^^ together, there was nothing to guide the frau¬ 
dulent t|mpererwith the lock, as to the situation of the internal 
. grooves, and he might sot probably eaeceod by gnesB-woik in a 
ufetune in getting them to riie opening position. How, then, 
'wni the owner h^self to manipulate the loekP Bound the 
outer eurfaeo, of each-ring were engraved the letters of the 
altduil^ tud only when tlm rings were severally tmed round 
•b thall letters forming a oarwu word came into line imme- 
khder tiu bo^ These looks vraoe 


alluded to by Beaumont and Fletoher, in the play the “Noble 
Gen^man,” and also by the poet Caxew, who in one of hie 
verses oompares somethu^ to— 

**Alook 

Tbat goes with Isttars, for till all, be known, 

The look'! aa fast ss if you bad found noma." 

The word, whidh must oonaiet of aa many letters as there 
were rings, might of course be seleoted by Ike owner when he 
ordered his lock from the ernitb. Thus, if there were aiz rin^, 
he might choose 'Ae word eetame as the ta l is ma n. Having 
looked up his treasures, he bad only to move the rings round 
indiscriminately nntil the letters were thrown into pie, and iie 
might rest satined that no person ignorant of the magic word 
wo^d be able to despoil him. But there vras a flaw in the 
seonrity of these early letter-looks, inasmndh as the seoret of 
the opening oipher was at least shared between the owner and 
the locksmith, and the former might be surprised out of it ^ a 
stealthy watcher. A great improvement .was introduced, it is 
said, by Begnier, director of the Masee d’Artillerie at Baris, 
about tho middle of the seventeenth oentury. Ho made a look 
with a double eet of rings, one over tho other. The outer rings, 
by means of movable studs, the position of which oould be 
varied at pleasure, governed the movomonte of tho inner rings, 
and thus tho owner was enabled to set tho look to any oombi- 
nation of letters bo pleased, or even to vary.tbo combination 
from day to day, the secret resting only with himself. 

This, slightly modified, is tho letter-lock which has come 
down to our day. liooking to the enormous number of pormu- 
tatiuns that can be mode in the alphabet repeated six or sevon 
times, it might be supposed that the lock was imptegnablo, 
except to violence; it wonld at least seem to defy ail the aits of 
the picker. So, at least, it was supposod, down to tlie dawn of 
the ora of International Exhibitions. It was during the groat 
world's fair of 1851, aa onr readers will remember, that the 
lock controversy, a.s it has boon called, filled the pages of our 
Bciontific journals, and set all tho meebanioiaus in the kingdom 
pondering upon tho moans of defying tho skill of the professional 
violator. It was then that the oolobrated American expert, Mr. 
Hobbs, modo the memorable and alarming declaration, tbat aU 
tho locks which had hitherto boon made in England omitted of 
being very easily picked. Wo have yet to load up to the history 
of that famous picking of Bramah’s look, wliioh bod been bang¬ 
ing for half a century with a standing ohallonge to tho mechani¬ 
cal genius of all tho world, offering a largo reward to whoever 
should open it without injury by any instrument except its own 
proper key. But to do this, wo must thread our way, step by 
step, through the various improvements tbat were made in the 
I original warded look, by the introduction of tumblers, levers, 
! etc., and wo must endeavour to master the principle upon whidh 
the Bramah lock was ooustrnctod. To return to the letter-look. 
One of these, of perfect workmanship, and of the moat improved 
construction, was shown to Mr. Hobbs daring a visit he was 
making to a celebrated look manufactory. Its advantages wero 
being dosoanted on—^its entire independenoo of a key or other 
Boparato instmmont—the length of time it wonld take to put it 
through its millions of permutations—and the consequent utter 
imposibility of getting it open by auy illegitimate meaas— 
short of wrenohing or sawing its parts asunder. As the oon- 
versatiou prooeeded, Mr. Hobbs was turning the mstnunent 
about, apparently in on nnoonoemed manner, with hie fingers, 
and in a few minutes from the time he first h^ possession ^ it, 
to the great amazement and oonstemation' of &ose who were 
sonnding its praises, he showed them the look open in his hand. 
If a mitaole hod happened, they oonld not have been more 
astonished. From moment all faitii waa ehaken in the 
presumed impregimbility of the permutating piinmple. 

The manner in whidh Mr. Hobbs aooompllahed this feat was 
as follows:—He first applied pressure to the end of tl)e bolt, or 
central spindle, in the direction tending to draw it out and 
release 'Ua bow. For the purpose of pioUng the look, it is 
necessary that a oontinuous praaanr# ahould be ei»rted in tide 
direotion, pnlling, aa it were, againat the interior obstaoles 
presented to the withdrawal of the spindle with its atn^. To 
a olever ^auipnlator like Mr. Hot^,tbaewoiild benodifflonl^ 
in nwintsining thia gentie praaanre with the fingers off one hand, 
even while onriiouB eyba were watdfing hia.movemahts; under 
other etronmatamnea a bent qning wow hast a&awn| tit* pur- 
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pose. The ipindle beiag thaa aicted upon, tiba interior atodg, if 
the meohasiun of the were abaolntely perfect, would all be 
preaaing eqnally npon the oidea of the ringa; but it was at that 
time praotiaally impooaible, even if its importanoe had been 
foreaeen, whioh it waa not, to make a look with auoh extreme 
aoonraoy and sioety in ita fitting parta aa that aome of the ringa 
ehoidd not bind more than othera. Mr. Hobba then felt oau- 
tionoly and 4elioate]y whioh of the ringa waa tighteat, by whioh 
ho Imew that one of the atada waa preaaing against it. He then 
tioned that ring very gently sound nntil he felt the stud alightly 
jump into the tranaverae groove. Leaving it oarefuUy -^ero, 
he felt for the next tightest ring, and repeated the operation, 
and thus by turna, aided by a most delicate aenae of touch, ho 
got the tranaverae groovea all together in a lino, and tho apindle 
came out. 

This deaoription, if we have aueceeded in making 'it clear to 
the roader’a mind, will help him to understand the principles of 
attack and defence, if wo may so express it, whioh are involved 
in the look manufacture of the present day. Tho science of 
lock-making, at the period we speak of, passed through a phase 
which very much resembled that now going on in tho science of 
warfare, the alternating triumphs of armour plates and projoo- 
tiles. Aa the old locks were found to be unreliable, improve¬ 
ments were introduced, whioh for a time baffled tho skill of the 
look-picker; and then he, in his turn, by a now exorcise of in¬ 
genuity, overcame the difficulties, and became master of the 
situation again. * We shall endeavour to describo tho principles 
of look-making and lock-picking with equal minuteness, believ¬ 
ing that it is of quite as much importance for us to know the 
weak points of our defences os tho strong ones, and that it is a 
false policy to hide tho knowledge of tho vulnerable parts from 
ourselves, for fear of exposing them to an enemy, who probably 
knows them too well already. But this must bo reserved for a 
future paper. 


FORTIFICATION.—X. 

BY AN OPPICEH OP THE BOYAL ENGINEERS. 
APTIiICATION OF FIELD FORTIFICATION TO THE DEFENCE 
OF EXTENDED FOSITIONS, INCLDDINO TILLAGES, HOUSES, 
ETC._ 

Before examining in detail the ways in which villages, groups 
of buildings, etc., can bo hastily rendered defensible, and the 
principles on which tho work should bo done, it will ho well to 
oonsider for a moment tho oironmetanocs under which an army 
would avail itself of the aid of fortification in tho active opera¬ 
tion of a campaign. It may safely be aaaerted that as arulo tho 
dofrniaive force is the leas numerona of tho two, and that it will 
endeavour to induce tho enemy to fight on some previously 
prepared battle-field where the natural strength of the position 
(iuoreaaod if possible by artificial means) will more than com- 
Itenaate for the numerical disparity between them. 

Except under very exoeprioiud cironmstanoea, it will not 
anffloe for tho defenders to wait passively behind their defenoea, 
lest their position should bo turned, and they consequently 
mnrt often manosuvro in advance of their final position, so os 
to mask the existonoo of their own defensive arrangements, and 
to draw tho enemy on to Qiem nnaworos. The attack, on the 
other hand, having no fixed plan of operation beyond the 
strategie conaiderarionB of the campaign, endeavour to force 
their weaker opponents to fight whenever a favonrable oppor¬ 
tunity oocurs. 

^ 'When the defenders have time, say two or three days at their 
disposal, and a strong position to defend whioh is diffienlt to 
tun (as was the oaee with the Eassians at the Alma), it would 
seem almost oximinal not to fortify and improve its natural 
advantagss to the greatest extent. Ae that length of time is 
Buffioient for the oonstmotion of formidable field-works, the 
nature of the defences need only be dependent on tiie dopes 
, sad ohacaoter of the gronad over which tho attack mnst be 
made. The Enaeian position on the heights abovs the Akua 
had one fiank aeonre, an^the ground was naturally very strong 
hi front, so that then can be little donbt that ti it hod been 
' thoroughly Intrenched, tiie loss to the ABiea would have been 
nqdi more sevnn than it was. Sabh favooiable oouditions m 
these^ it need hardly be said, zanly ooenr, and It must often 
h||)ipeB that go anny is foroed to fight with inferior numbers in 
• ptyitto c^ering eomsiderabls admtigei to their ssssflants. 


In these eases it is that a praotiasl knowledge of field fortifi¬ 
cation jndioionsly applied, may turn the scale in its favour, as 
tho defender may so atrei^hra the points most inviting attack 
that he oan hold in oheok large mesiies of the enemy with a 
oompmratively small foroe, while with the nmoinder of hia 
troops he is free to act when a favourable moment ooonrs. 

EMnomy of streng^ and conoentiation at the vital points, 
coupled with tho power of takiug up the offensive at pleasun, 
are the principles on whioh tho defenoa should be amuo^. 

The defendbig force bas the advantage of being in posseesion 
of tiie ground on whioh the fight is to take place, and oonse- 
qnently can accurately determine its defensive mpabOities. 
They cannot expect, however, in a very limited time to 
thoroughly fortify their whole line, and oven if they oonld the 
attack would probably avoid a direct advance, and would 
assault in another direction a fow houra later, for it Is one of 
the great advantages possessed by the assailauta that they 
ore free to attack wherever they oan find a weak point, whereas 
tho defenders ore more or less obliged to adhere to their works, 
unless they fight in the open at a numeriosl disadvantage. 

^0 real difficulty of tho defender, therefore, is to foresee 
tho probable phases of the, as yet, undeveloped fight, and then 
to determine what points most require to bo strengthened, and 
how far it is possible to do so in the time. 

The best way of solving the diffioulty would appear: firstly, to 
carefully ascertain tho strength of your position aa regards 
matoriala, labour, etc., for defensivo purposes ; secondly, to 
curtail the extent of front occupied to as great an extent 
as possible, so os to have a powerful reserve in hand after 
garrisoning tho various points occupied; and thirdly, having 
generally sketched out your plan, endeavour if possible to examine 
your position from tho enemy's point of view, by r^ng for¬ 
ward on to tho ground on which his guns will prmibbly be 
placed, and then consider how in his place you would best be 
able to attack it. 

By this means many weaknesses and defects in your original 
scheme will bo detected, and you will bo able to notice the 
hollow ground and other spots where he will probably asBembla 
the masses of bis troops before making his assault. Tho 
position of these points being known and indioated, their 
distance should bo ascertained from the intended imsition of 
your guns. Having now matured your plan, use every exertion 
to strengthen tho principal points of your position, and to clear 
away round caoh anything likely to obstruct your fire, working 
outwards in ovary case. Endeavour to provide easy means of 
oommnnication Mwocn one port of the lino and another, and 
especially facilitate tho movement of the reserve towards tihe 
threatened points. Theoretically an obstinate sueoeasivo defence 
from house to house should/bo arranged, finally cuminating at 
sohu^ largo building whore tho reserves and remnants of the 
garrison may make a final stand. This, however, applies more 
to villages held as isolated poets than to those forming port of 
a general position, and, moreover, it cannot often happen that 
there is sufficient time for such complete arraugoments. In any 
case it is obvious that it is of primary importanoe above aU 
things to ponder it impossible for tho enemy to get even a 
temporary possession of your outer lino, for when their troops 
have onoo obtained a footing in houses, and behind walls, hedges, 
eto., tho original conditions of tho fight are reversed, and it 
becomes a serians and difficult matter to dislodge them. 

A good aoonmulatiou of obstaolcs in 'front and round tho 
points to be rendered especially strong, snpplemente^hy the 
steady fire of infantry armed witii breech-loaders, shonla^C-''^ 
it almost impossible to force such positions, oven with over¬ 
whelming numbers, unless the attack has been preceded by a 
heavy and aocurate artillery fire. Tho advantages of the attack 
are donbtloss very great, and some rooent German writers hold 
that tho defenders will bo so demoralised by their necossarlty 
passive attitude under a omshing artillery fire, that au assault 
in force must snooeed. The results of the last war (1670), 
however, seem to point to an opposito conclusion as the 
German lines of investment round Metz and Paris (insisting 
of villages in a state of defence) were never foroed, although 
attacked on several oooasxons by large bodies of troops and a 
powerful artillery. 

The distanoe between the strong points in the line should not, 
be too great to prevent the interveidng space being tBaroughly 
defended by^'a orbas-fire of mnafcetry and mitraaienses, and the 
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guns ef tbe d«fenoe should be placed well in rear of the front 
line^ SO as to be out of danger of immediate oaptnre, and in enoh 
potiMaaafi that while ih^ oan defend the front and interrala 
betwm tile fcndafied poinia in the line, they do not draw tiie 
fire diieoted against tiiem on to the fadnsee oconpied by the 
lajbatty. 

21ie plan of concentrating your force for the defence of 
oertain spots has the defect that the enemy will concentrate his 
artillery on some of them, and endeavour to crush your defonoos 
and form a gap for tiie entranoe of bis assaulting columns, who 
would remain under, the nearest cover until there appeared to be 
a chance of snocess; it must be remembered, however, that ho 
would probably adopt exactly the same line of action in any ease, 
and that if yon oan only manage to place your men under cover 
close at hand, and so diminish the casualties, you are in a far 
better position to repel an assault than if you had originally 
adopted a more scattered distribution of your force. 

I^e effect of field artillery on ordinary farm and cottage 
buildings appears to be various, dopondiug as it must on the 
nature of the masonry, and on whether time or percussion fuzes 
axe used for the shells. Much valuable information has donbt- 
less been obtained on this head during the late war in France, 
whioh is not yet published. It would seem, however, most 
oertainly advisable to loophole and prepare for defence ell build¬ 
ings, waUs, etc., to the fullest extent, tmstiDg to be able to 
make Use of eomo of them when the storm of shot and shell is 
over. Care should be taken that all means of forming banquettes 
on the ontside ore removed, and that the loopholes axe at sueh 
levels as to be nselesB except from your own aide of them. 
As, however, buildings that have evidently been loopholed, 
etc., would inevitably draw a large portion of the enemy’s 
artillery fee preparatory to the assault, it wonld seem nnadvis- 
able to gBrison them with more,than a few picked marksmen, 
and a sufficient guard to extinguish the fires that ore nearly 
sure to brook out under a heaVy shell fire. 

The infimtry should be posted under cover in a trench, or 
behind oovor ol some kind, a sheut distance in advance of the 
bnildiags, the mins of whioh they will eventually have to defend. 
They are then on the spot and ready for instant action, but 
sho^d lie down or be kept ont of sight during the preliminary 
aXtiUery dnel^ and until Ue enemy’s infantry get within range. 

They may be further protected from spl^ters of shells and 
stones, brickwork, etc., by a mound in rear of the trenches in 
which th^ are placed, which latter, however, most not be so deep 
as to give cover to the enemy if he reaches them. Every possible. 
precaution mnst be taken against fire by the removal of thatched 
roofs and other inflammable materials, and by arranging snp- 
pUes of water in bnekets, etc., in each house or room. Where 
fire-engines are available they shcnij^ be in readiness at some 
central point, and ar^gemonts made for their water supply- * 

Ampte reserves of ammnnition must bo provided in some 
convenient situation as seonro as possible from fire, and yet 
stowed in snob a way as to bo capable of being readily moved 
in oases of oonfiagration. Commnnieationa or rongk openings 
should bo made from bouse to house, so as to faeflitato the 
removal of the wounded and the bringing up resorvs withont 
the nooessity of their appearing in large bodies in tiio streets, 
some of whioh ore sure to be enfiladed. It has been very truly 
remarked by a recent Ooman writer (Capt. Laymann) that one 
of the points in whioh the attack possoaeos the greatest moral 
odvantogs over the defence is the fact that whereas tiie former 
arc opuslaiptly advonoing, and oonsequently leave their dead and 
hind, tbe defenders have to stand their ground and 
1 the fight amid the depressing influences of living their 
dead and wxinndod comrades round them. 

To obviate tide, organise as far as possible a regular servioe 
of atretahers, shutters, etc., with attendants, for each part of the 
lint, so that the wounded may at once be moved, if not toa plaoe 
of safety, at all events away from positions which &ey oan 
only tend to demoralise and increase the diffionltiss of those 
that remain at their posts, dn efficient system of signals by 
and i^ht should be established, and the defenders of osoh 
ptmt tiioald olsarly onderstand the following points: firstly, 
whore thqr ore to find their supports and reserves; seoondfy, 
where theiT ammnnition reserves srs j and thirdly, foroed-to 
xmvsst, is^what direction thgy axe to retire.' As the residt'iff 
tt|Bia«Hi«PlvlU depend on the sndoesseadt eevaralof these points, 
tUs UidLiiMtmottati BuyhavatalwkBtdifisdtosnitthe otaangM 


of the fight, stid can therefore only be laid down in a general 
sense. ' 

In wooded oonntriee it will be essentia)! to ent down oontideX, 
able numbers of trees, to enable the defenders’ guns to sweap the 
approaches to the position. This is a heavy woric in itself, and 
reqoires not only nnmbws of men, bnt what ate probably mote 
diffionlt to find, large numbers of felling axes and other t^s. 

In cutting trees to serve as abatis, oMre shonld be taken tiiat 
theixees ore ont sous to fall in the required direction, and tiins 
save the labour of moving them afterwards. There is perhaps 
no more impassable and therefore useful ohstaole i^n a thiok 
almtis of large trees, bnt the diffloully of getting them rapidly 
brought to the spot is excessive, as will be sooh if we rememba 
that to out trees down rapidly they must be felled some three 
or four foot above the ground, leaving a stomp of that height. 
After a few trees have been out in a wood, it wonld be imxios* 
Bible to drag others past these stumps unless regular roadways 
are cleared. When trees are growing near bnildingB, afid ate 
not Buffloieiit to form abatis, it will bo bettor not to out them 
down if they do not impede the fire of the defenders, as they 
serve as a soroen from the enemy’s view, and shells ffied wi^ 
perouEsion fuzes wonld burst on striking their bronohoe. 

It is of oourse impossible to do more than indicate generally 
what shonld bo done. All the methods of forming obstades, 
loopholes, tronohoB, etc. eto., that have been luoviously de¬ 
scribed, would now be applied in a rongh, hasty .fashion, to meat 
the oircumatanoea of each ease. 

They should not, however, bo applied along the whole line, 
but rather be multiplied to inorease the strength of oertain 
points only. This will enable the defenders to hold them with 
less troops, and leave open spaces through which, with their 
remaining forooa and cavdry, they may advance. These spaces, 
though apparently open, would really bo almost impassable for 
the enemy under a oross-firo of mnsketry and a direct artillery 
defence from the guns placed in rear of the lino. The foregoing 
remarks apply to the ease of villages held defensively by troops 
who have been in possossion of ^em for at least a few hours, 
and when each village is part of a general line and is supported 
by troops, guns, etc., in roar. We must next consider them 
as isolated posts, and in what way they siay he utilised if 
seized by troops for offensive purposes in an ootion. 


PHOTOGRAPHY.—VII. '' 

Bj J. C. IiSAXB. 

MUNTiNG (coniinuod). 

Havihg in onr last artiolo desoribod the ordinary process of 
photographic printing, we may now proceed to describe sn<di 
modifications thereof as are necessary in certain oases. Although 
the delicate and very smooth surface imparted to the paper by ■ 
the application of albumen is most useful in soouring very fine 
definition, the gloss which is at the same time obtained is often 
objectionable, especially in large pictures, and for oertain sub¬ 
jects, such as the roproduotion of engravings, books, or mann- 
Boripts. It therefore becomes necessary to make nse of a 
process in which these defects may bo avoided, and this we may 
now proceed to doaoribo in dotail. 

One of tbe simplest and easiest methods of producing a plain 
paper print is to senaitiBe the rovorso side or book of the ordi¬ 
nary albnmenised paper: the whole of the subsequent prooesses 
being prooisely similar to those already suggested for printing 
upon albumen. Excellent printii may, however, be prodnoed' 
upon paper whioh has been simply ssll^, and tl^ is of oonrse 
the rosiest and most effective method, as well as the cheapest. 
In order to prepare paper for this prooess, a dish of glass or 
porcelain ehould be provided of snffioient size to hold tiie sheet, 
and at least three inohes deep. A quantity of the following 
solution should then be prepaid: CUoiida of ammbnuun, five' 
grains; distilled water, one onUeo; dissolve, and filter into the 
dlBfi'for nse, A snffitient number of tiieets having been ont to 
the required dimensione, one of them uhonld be Md upon the 
Bolution, and oompletely and oarefolly immersed meene of a 
glass rod. This ofHeration may be eontinned until &e i^ls of 
the jffieets—or at tewst twdv»--axe inserted. l%e papers tiioold 
tiien be tamed oVW in a mms, end the'first inserteil bh^ 
zemevsdsndsttSpsudsdbyoseoomerimtilAi^. XnedifieesMS 
gthtiitae or sxrew^oOt is mnploared hi ckfitesto iniirbfe the 
\ ' 
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oolonrt ead add to the depth aad ridmeee 6t the xapneiion, 
y jtho nt impartiiic any gloss to the enxfaoe of the ^paper. Of 
these twoaabatanoee anow-root is unquestionably the best; and 
for msisy purpoees paper prepared with it ie exceedingly nseful. 

The mode qf preparing arrow-root paper is as follows:—Take 
half an ounce of dne arrow-root, and mix with cold water into a 
oxeam.. Prepare the following a^ution: Distilled water, twenty 
ounoee j ohloeide of ammonium, five droohms; dissolve, and 
hoU; adding the arrow-root degrees and with constant 
Stirling. When cold, the mixture must be skimmed, and the 
clean paste will be ready for use. The boiling must be effected 
in a vessel of glass or poroehun, metal being inadmissible, 
sheets ore to be covert with the paste in the following manner: 
Prepare a smooth board about half an inch smaller eaoh way 
than the required sheets of paper. Lay the paper upon this 
board, and seoure it at the edges by means of drawing-pins. 
The sheet may then bo covered with the arrow-root paste by 
moons of a soft sponge, exercising the greatest oaro in the 
removal of all streaks and lumps, and in obtaining a perfoctly 
even layer over the whole surfaoo. The papur should then be 
perfectly dried, when it will be ready for the sensitising process. 
In the case both of the iilaln paper, and of that prepared as 
above described, a strong sensitising bath is necessary where 
the riohost tones ate required. From sixty to eighty grains of 
silver to the ounce of water will generally answer, but the 
increase to ninety or a hundred will bo amply repaid by the 
increased depth'and brillianoy of the tesalting proofs. The 
toning and fixing of the print npon plain or arrow-root paper 
may bo condnotod preoisdy as wo have already deeorib^ for 
that which has boon albnmonised, except that in most oases ttie 
toning has not to be osrried so far, from the fact that the im¬ 
pression is not nearly so red when removed from the printing- 
frame. It will mostly be found that the prints npon plain paper 
are considerably reduced in depth in the prooess of toning and 
fixing, and they should consequently be printed rather mors 
than would bo required if albnmenisod paper were employed. 
Either phun or arrow-root paper should bo used within tw^va 
hours of its being sensitised. 

Although the prooeeses just described are thoroughly reliable 
and easily worked, it will most probably happen lhat the tyro 
will, at one etago or another of his work, meet with oertain 
failures arising from various causes, whioh ws will now con¬ 
sider. One of the moat common failures is that of impexfeot 
toning of the proof—either in i>arta or altogether. Uneven 
toning may arise either from the partial adhesion of the proofs 
to each other, or from an uneven coating of albumen. Unless 
the paper bo well albnmenised, and the coating perfeotly even, it 
will bo diffionlt, if not impossible, to get prints of oven and 
regular oolour; and this is espooially the cose when very Ughly 
albumenised paper is employed. Of ooutse the only remedy 
here is to employ another sample, although with oaroful treat¬ 
ment the evil may bo leduoed to a minimum. Paper at all liable 
to streak sbonld be toned slowly, and in a solution which has 
been mixed some days before use. It should also be sensitised 
upon a strong solution of silver, and used as soon as dry. Of 
course, in the oaso of irregular toning through the partial adhe¬ 
sion of the printe while in the eolution, the remedy is obvious ; 
and as tho evil is much more likely to occur when the bath is 
freshly mixed, and in its most active condition, the greatest 
oars and diligence should be given to keep the prints constantly 
in motion while the operation of toning is in course of being 
effected. It will but rarely happen that the print refuses to 
tone altogetiior, but should this be the case it will indicate either 
that the quantity of silver is considerably reduced, that the 
paper is very bod indeed, or that tho gold toning solution is out 
of order or too weak. Marbled and spotty prints are sometimes 
produced from imperfect albumenising of tho paper, but much 
more frequently from an insuffioient quantity of silver in the 
nitrate bath, strength of this uolntion is very rapidly reduced, 

and frequent testing should' be resorted to in order to asoertaia 
tite amount of silver abstracted, in order that it may be con¬ 
stantly reploiished and brought to the standard,strengtii. 

The^ekkness of the Bilvei; solution is also a frequent cause 

tnwk flat prints, whioh upon inunemion in the fixing both of 
hyposulphite of so^ dissolve nearly out, and upon ditying pre- 
s^ abided appeszonoe. If thenee^rebeofgopdquidilfy^the 
eoges of'the whkih are not covered by the glaes will moM 
pzoiqkUiE heMme bronied dufag the eaepdenre neoeigh^. to 


prodnoe a vigorooe impreeeion. Should it be observed that this 
bronxing is diffionlt to produce, or cannot be obtuned by a^ 
amount of exposure, it may be safely oonolnded that tiieto is on 
insufficient quantity of silvar present, and that it must be 
increased. If the paper be kept a long time between tiie sensi¬ 
tising and exposure, the silver will oombins witii the organic 
matter present, and produce the same result. From the same 
(SiuBO—namely, the keeping of tho paper after sensitiaing—will 
arise a yellowness of tho liglit parts of the proof, a defect whioh 
may also be produced by the use of a toning bath whioh Ims 
become intermixed with that used for fixing, or of a hyposnliffiita 
bath which has been used fur fixing loo large a nnmbnof prists. 
Want of proper definition or sharpness in ports of the picture is 
frequently produced from tho insertion of the paper in an over¬ 
dry condition. After drying the sheets should be allowed to 
hang for half an hour at least in the dork room before being 
placed upon tho negative. 

In ooncluding this part of onr subject,'we may briefly recapitu¬ 
late the essential rules for successful printing. In the first 
place, never use any paper but that of the first quality. Secondly, 
bo exceedingly careful that the eilver solution is of fall strengtii, 
and perfectly clean and clear. Thirdly, be careful to remove the 
whole of the free nitrate of silver before proceeding to tone the 
proofs. And finally, use fresh hyposulphite for each batch of 
prints. It is also important that the operations of sensitising, 
printing, toning, and fixing should be performed as quickly in 
Buoceesion as may be, if possible tho same day. If those pre¬ 
cautions be adopted, there will be no difficulty in eneuring the 
most satisfactory resnits, both with regard to the appearance of 
the prints and iheir petmauenos. ^ 

FAEMING -AND FARMING EOONOMYl^:^!!. 

By Brotssaor 'WBi0STS0ir,tBQyal Agrienltonl College, Cirenoeater. 

LIVE STOCK. 

niTBOSUCTOBT UXUAnKB—^BOBSBS—^VABIXTIEB OF—OENKUAIi 
AMD BFXCXAI. XAMAOXIUIBT OF—COST OF, FSB ANKXrX 
AND FEB ACBI. 

Wb now approach a most interesting part of onr subject. 
Britain is tmrivalled both in the rich diversity and high 
quality of her live stock. Her cattle, sheep, pige, and horses 
are sought for in every oiTrilieed coun'try, and the keen oom- 
petition thus engendered has raised the prices of the best-bred 
animals to almost fabulous sums. In the summer of 1870 two 
heifers lifft onr shores for Canada, having been purchased for 
the enormous sum of 2,500 guineas, and in November last 
(1871) their two calves were imported from Canada by a Scotch 
nobleman, Lord Dunmoro,, fjm the same sum as had bean given 
fdr ftheir dams. Even higher prices are given in America 
and New Zealand for the best strains of English blood, and wu 
are at a loss whether 'to look 'upon tho keenness of tite com¬ 
petition as the result of a “ fancy,*’ or to allow the intiinsio 
valne of tho purohasd to be thus correctly gauged. 

Groat Britain has always been rich in her many breeds of 
stock. In the latter quarter of the lost oentary attention was 
dizooted tewardS their improvement, and eimnltaneonBly we 
find Bidcewoll bringing out his now lieioester eheep, long-hom 
cattle, and heavy horses; tho ColUngs, Booths, Maj^rds, and 
others cultivating tho form and aptitudes of the Durhams or 
Shorthorns; Weyman, Tally, He-wer, and Westcar working 
upon the Herefords ; EUman improving the Sonth*down sheep; 
M’NeU taking in hand his West Highlanders in 
Hebrides; and Qnartly and Davy promoting the North Devoi 
cattle. 

Every recognised breed is an improved one, representing an 
expenditure of patience, skill, and capital rarely equalled. The 
pedigrees of pure-bred animals are kept with the greatest care, 
and tho breeders of Shorthorns, Herefords, Devons, Sussex, and 
Polled Angus cattle, each have their herd-book. If we ex¬ 
amine the exhibition catalogues of tho Eoyal and Highland 
Agricultural Societies, we find prizes offered for tek breeds of 
cattle, twelve breeds of sheep, and fonr bree^ of pigs, and 
basides these there axe many other yarietiee of lose general 
interest, but ninoh appreciated in their own loealitieB. There 
are also some excellent crossed breeds. A proper knowledge 
of live etook xequireB ns to study the best means afU)reeding, 
rearing, and fattwing animals, and^it is to these parte of the 
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Bubjeot that oar attention 'will be chiefly directed. Oar atand- 
point BUtst be that of the breeder, the giazltr, and 'the batoher. 

Whim we atody horaea it will be with referenoe to their 
wo^iaf powera, and the beat way of eoonomiaing and develop: 
ing 'thm; the beat methoda of feeding and management, and 
the coat of 'their* maintenance. Cattle will be conaider^ aa 
prodnoera of beef and milk; dieep aa gtoweta of wool and 
matton; piga aa mannfaotnrera of pork. 

' PRIKOIPAl. BREEDS OF HOBBES. 

First let ns take a rapid glance at the fonr principal breeds 
of agrionltnral horses. 

The SvffoVc Pvneh posaesaea abetter combination of strength, 
oompaotnoBB, and activity than any other breed. Height at 
ahonldeta 15 to 15i hands; frame chniacteriatiaally compact; 
barrel, round; oolonr, nniformly oheatnnt, though aometimea 
sorrel; said to be rather more liable to atrains of the sinews 
and ligaments than other breeds. (Spooner.) Tonatt informs 
as tl^t this breed originated in a cross between the Norman 
stallion and Suffolk more; that “ the true Suffolk, like the true 


ahiie, Durham, and Northumbodand, and is there used ooca- 
aionally for agricultural purposea. The pure breed is, how¬ 
ever, ^dom’ seen, it ha'viiv been oroased with three-foarthe 
and thorough-bred airea for the pnrpoae of breeding ooaoh- 
horaes. Aa the name implies, these animala am bay, with 
black points, and free from long hair at the fetlooka. 

A huge proportion of the horaea us^ in agrioultare are not 
of any pore breed, but of more or leas mongrel (diaiaoter. We 
would recommend horaea of medium size, from 15 to 15 hands 
high, active, and with a “ dash of blood,” as best adapted for 
endimuy farm-work. 

The Bubjeot of breeding horses, although interesting and 
important, we must dismiss with few words. As in -the oaae 
of breeding other descriptions of live stock, the pedigree, 
parentage, and the paaturage must all be considered. A good 
line of blood, paren'ts faultless in form and faculties, in prime 
of Ufe, and free from disease ; paatures oaloulated to develop 
the good qualities transmitted, ore all equally important con- 
ditiona, and when they are observed, risk of failure is reduced, 
'to a minimum. 



THE SUFFOLK FDHCK. 


Cleveland, is now nearly eztinotand that the present breed 
“ is a cross 'with the Yorkshire or three-fourths bred.” 

The Clydesdale, says Touatt, “ owes its origin 'to one of the 
Dukes of Hamilton, who crossed some of his Lanark mares 'with 
stellions which he had brought over from Flanders.’' 

Spooner informs us that they stand about 16 hands ^h, are 
extramely active, and very fast walkers, and €hat their faults 
are a jgiAnoy to lightness of body, and too great length of 
leg^ A pair of Clydesdale horses will plough a larger breadth 
of land than any other kind of horse, but they req'uire to be 
well fed. (Spooner.) The colour is black, grey, or brown. 

The Heavy Blaek Horse is chiefly bred upon the rich postures 
of lonodnshire, and the Midland counties. At two years old 
many of than am purchased by Surrey and Berkshire farmers, 
who work them modemtely, and sell 'them at four years old for 
the London maricet. They am flne-looking animiJii, and am 
puxehased for show hs* wmlthy bmwers, who 'vie ^th each 
other in 'tae magnificence of ^eir teams. The colour is .not 
mstrioted to black, but varies to grey and bipwn. The largest 
Spe ei a ens liff this breed am used for dray-horses. The next to 
iIbu siSMibU M wagon-hcsrSea, and » smaller variety, with more 
bteefLmttMd toe monnring a congideraHe part of our cavalry, 
aad'I^.ISrdmwtog hearses. (TAuatt.} 

J9ts C^nsltaiwl Soy is found pstortpeBy to Ilanobishire. York-. 


MA.KAOEHEKT OF HOBBES. 

The health of farm-horses greatly dejiends upon their 
management. They must be provided with stabling affording 
Buffloient warmth and shelter; they must be properly shpd^ 
cleanliness must be enforced; the horses must be thmoughly 
dressed down night and morning; food and water mnst be 
supplied mgularly, in proper quantities and at proper timea; 
and the importance of air and proper temperatnm mnst not be 
lost sight 

The special management principally tovol’ves a correct system 
of feeding. The amount and oharaoter of the food gdven 'varies 
witii the season and the work to which the horses sm engaged, 
^e agricnltoral year is divided as follows:—first, from the end 
of harvest to the beginning of winter; second, winter; third, 
spring and early anmmer, terminating 'with .tiie sowing of 
turnips; fonrih, hsy end oora harvest. In flie first and third 
period the horsea am oonatan% amployed to work of aa 
ordnons oharaoter, snob as antnmn cultivation of isllowa, 
vfhaat sowing, and afterwards apting oom sowing, and prepar¬ 
ing for root-crops. *< 

At snbh times (he feed mnst ,be Itoetal, and 2 bushels of oats, 
half a buhel of bsaas, and lOfflb. of hi^ pdr week, he aa 
aa^ile aUowaaoe. 

Mr. Morton has poUeeted, to his editica of ArHwr Touag's 
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dietarieg employed by Binwohaff may be mren. Ibe toUowinff weeklr 
^.kaown agri^timetg. From amo^ these we select the of food in aotiml use^at this i^*bo^did 

followmg «nonnt. per week ,-108 lb. hay. 63 lb. oate, 33i lb. hay, 52 lb. oate, 70 lb. e^oer^d^ 2“JBSlg rf e^aiJSf 



llUKY VAltlJiTY OF XHE HEAVY BLACK JIOUKE, OB DBAY-BORBB. 


b^a (W. Gator, Botley); 112 lb. hay, 84 lb. oata, 224 lb. boona 
(W, C, Spooxior}; bay l%h,f 64 lb» oats^ 10 lb* boans, straw 


(S. Druoo); hay ad lib., ,52 lb. oata, 17 lb. beans, 84 lb. 
awedoa, etraw-chaff ad'lib. (C. Howard); 49 lb. of hay-ohafi; 



THl CMVBLAJfD BAY. 


I bnehel of bran (A. Baston); 168 lb. hiw, 70 lb. 
lb. beans, 24 lb. bran (A. Simpson, Beanly). 

. wheat*tbwlng and thronghont winter the amount of 
maj' bo ndno^i ond o few iwodw or numgela and 


70 lb. oats, 210 lb. mangel, and straw-chaff od lib. (J. 
J. Meohi). ^ 

In the spring, a similar* amount of food as that supplied in 
the autumn is i^Tso. In eummer, the | principal modiliaation 
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ooofliatB ill introducing rat oloTer,Totohe8,eto., or in ttming the winter,, or A24 le. per onnitm. Asraminig these figures u 
hOrsOs out to grass. ITsdor these oonditicms horses often lose fadrljr representing this important item, we mrat add ihe foUdw* 
their xelt^ for oorn, and in most oases the amount is reduced, ing as entsaled in ihe maintenance of farm>horses — 

Ftmo 1 to 2 bushels of oats (40 to 80 lb.) and out green food „ 

ad UUtwm, are quantities given by good agriculturists. ^ ^ 21 *i 0 

Boaroely leas important than the quantity of food, is the Shoeing .!!!!. 0 13 0 

method of feeding. Throe systems, each with modification Hepairing and furnishing g^ . . 15 0 

include the varions plans recommended:—first, feeding withj Interest on a caxutol of £30 at 5 per cent. 1 10 0 

unbruised and uncooked corn, mod nnohaflbd hay ; second)! Deterioration and risk at 10 per cent. S 0 0 


manger feeding, in which tha hsgr and straw are chaffed and 
mixed with the corn, all being ^ven in the manger; tMrd, 
cooking food. The first of these is the oldest and most general; 
the second is less fatiguing for the horse, and has been found 
truly eoonomioal; the third is of doubtful merit, but is 
strongly believed in by many persons. 

Lord Londonderry was one of the first who adopted manger 
feeding, and the result of his oxi>ericnoo is thus given by Mr. 
Csird ^ his “English Agriculture in 1850-1.” “Previous to 
the introduction ^ this plan, the ordinary feed for pit-horsos 
was 3 bushels of outs, and 12 stones (1C8 lb.) of hay pet 
week, and for wagon-horses 3^ bushels of oats and 14 stones 
cf hay. After chaffing was employed, 2 bushels of oats and 
7 stones of hay was found anffioient for the pit-horses, and 
2t bushels of oats and with 8 stones of hay for the wagon- 
horses.” Upon the Boyal Agrionltural CoUege Form, Ciren- 
oester, the system of feeding is as follows i—^AU food given in 
the manger; no hay supplied j horses fed, three times a day, 
namely, from 4 to 6 a.m., 11 to 1 p.m., a&d £<80 to 7 p.m., and ; 
they are watered half an hour after ooming^lt'firem work. The i 
year is divided into two portions, the first frorn'Miohaelmas to 
May.Aho second from May to Michaelmas. Bnriag the first or 
wintra half, they receive 1| bushel of oats, ^ bushel of beans, 

1 bushel of brewers’ grains, and about 21 lb. per day of straw 
chaff (chop). Baring the summer half they have 1 bushel of 
oats, j bushel of beans, and screen food ad {i&. 

COST 07 MAINUBKaHCK AND 07 HOI18E-I.ABOUB FEK ACBE. 

.The cost of maintaining a form-horso has been frequently 
estimated os about <£30 per annum. Taking the average of 13 
oases recorded by Mr. Morton, tho oost for food alone per 
wsA appears to be 8a. in spring and summer, and 9s. fid. in 


' . £30 9 0 

Some writers in estimating tho cost of maintaining a farm-horse 
inclil^ the cost of keeping up the necessary implements, and 
the wages of the toamameu- We, however, prefer to debit tho 
horse with what immediately conoerna him, and to open separate 
accoants for manual labour and implements. 

Baving ascertained the oost per annum, tiie next point of 
interest is the cost per acre, from whieffi we may deduce the 
proportion of the farmer's capital invested in work-horses. 

']^o number of horses required to work a given area of laud 
will vary according to the proportion of arable to pasture land, 
the rotation of crops followed; the tenacity of tho soil; tho 
extra assistance derived from steam; the distance from markets 
and railways. Horse-labonr on pastora-laud is so small that 
wo may leave it out of our colonlation. The rotation followed 
is at once soon to bo important, especially if it involves land 
remaining two or three years under grass. It is, thoroforo, 
usual to speak only of the number of acres of fallow land a 
team is capable of working, and not of tho entire number of 
acres of arable land it con cultivate. Thus, it would bo more 
correct to speak of a pair of horses being able to work fifteen 
acres oi fallow than sixty acres of arable land. They will work 
tho fifteen acres of fallow and carry on the work upon tho other 
Bootions of tho farm without diffieolty. In other words, if tho 
farmer has a sufficient force of horses to work his fallow and 
root land, he will find no difllcalty in dealing with his com and 
other crops. Tlio following table will best illustrate the appli- 
, cation of this principle, and at the same time show the number 
I'of horses found necessary upon some well-known farms of very 
i different ehoraoter. 



Taston, Korihumbsilaa^s" • > • 

Leyfields. Notts. . . , ... 

Baiuess, Catteriok, Totiuthlro . < | 

Taroingbam, Kent (E. Euseell) 
let Prize IParm, 1871. Mr. Forester (Shcr-1 
low Farm, Shropshire). . . ) 

find Prize Farm, 1871. Mr. Wintertra I 
(AlMMas, Hays, Lichfield) . . { 

^(ddernesB, Torkdure (Coird's “ Hnghsh 1 
Agrioultuie," p. 802) , . , f 

Ifittcring, North Hants . 


The average number of acres of fallow iy a pair of only able jo ptasparo ^ acres of fallow, and 51 acres of arable 

horses in the above table is 14'24, and the amount of arable land, l&. ,,ShaTpley of Wittering was able to work 20 

land fiO'SO. In order, then, to come to a conclusion as to tho acres of f^ow and feO acres of arable land with tho same power, 
cost of dhorse-labour per acre, we have merely to divide tho In the first cose we have tiie oost qf horse-labour thusrepre- 

ooat of maintaining a team, by the number of acres it is able to eented:_ 

work. Thus, in the average of tho above cases, £60 

.£Mi _ ‘ ,si acres " ^ 

. _ WS a®"* And in the eoeond case— . , ■, 

T&fBMHie. watremea m v»^ ssi.a.mean. Accordingly w» find -£flO . . , .,v 

.. .. ... . ", *Q *Ss,.oa. pee- 


lb< Bsddnwu’a at Leyfieldi 1 pair of Wsea 
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biographical sketches of eminent 
inventors and manufacturers. 

XHV.-JOHir NABIEE, HATHBMATIOIAN. 

BT JAkBB a&ANT. 

Jobs Napikb, Baxon of Merobiston, the eolebrated inventor of 
the lojraxitbms, the grreatest boon petbape wbiob goniuR could 
boatow upon a maritime empire, waa born in 1550, during the 
reign of Mary, Queen of Soota, in the old oastle of Morcbiston, 
then eituatod on a aolitary mgorland near Edinburgh, but now 
incorporated in one of the suburban streets of tho city. He 
was the anoestor of all those Napiers who in our own time 
have been so distinguished by land and sea, and was descended 
from an anoiont family that had long been settled in tho shire 
of Pnmbarton, where they held lands under King Bobert I. 
John, tho inventor, was tho eldest son of Sir Alexander Napier 
of Merchiston, afterwards Master of the Mint to James VI., by 
his first wife, tho daughter of Sir Francis Bothwoll, a Lord of 
Sossient; and, singular to say. at the time of his birth his father 
was barely sixteen years old. Though styled liaron, Napier 
was merely the laird or proprietor of Merchiston, os in Scotland 
men of tlmt class sat in Parliament under tho denomination of 
lessor barons. 

Ho was educated at St. Salvator’s College, in the city of 
St.. Andrews, whore he matriculated as a student in 1562. 
Ho afterwards spcijt several yoai-s travelling in Franco, tho Low 
Countries, and in Italy, where a Logo of Vouioe presented him 
with tho gold filagree box, in which, after his execution in 1650, 
the heart of the Marquis of Montrose was enclosed. 

In tho Proceedings of the Royal Asiatic Society for 1835 it 
was stated that “it appeared by tho papers of John Napier, 
the matbomatician, that ho liad, from the information obtained 
during his travels, adopted the opinion that numerals had first 
been discovered 1^ tho College of Madura, aud that they had 
been introducod from India by tho Arabs into Spain and other 
parts of Europe; ’’ but it is unfortunate that tho papers con¬ 
taining this fact so iutorosting to soionco perished by fire ere 
they could be printed. 

On his return to Scotland in 1571, though a civil war was 
raging, ho applied himself closely to tiio study of mathematics, 
and it is conjectured that he acquired a taste for this branch 
of learning during his tosidence abroad, more particularly in 
Italy, where at that period there were many mathematicians 
of high reputation; and though his solitary tower on tho moor 
was often attacked, taken and retaken by the king's men and 
queen’s men in succession, and more than onco cannonaded, ho 
had therein his study, which is still extant; and there (like 
Bacon, Schwartz, Galileo and others), “ ho hod his little labora¬ 
tory, his little forge. Ids crucible and phials, acids and essences, all 
the rudiments of science, with some faint foroshadowings of hia 
noblest disooverios.'' 

The age aud the country wore prone to euperstitiou, ao Napier 
■peodily won the then unenviable and pedous reputation of 
being addicted to aurcery. Ho certainly beUovod in tho dia- 
wvery of hidden treaauro by tho use of a brining rod, and there 
ia still in esiatenoe a contract drawn up between him and Sir 
Bobert Logan of Bcstalrig (the famona Gowrio conspirator), 
eonooming a search to be made for gold sappasod to bo “ in tlio 
aaid Bobert'e dwelling-place of Fasteastoll, hid and hoardit up 
secretlie, qoilk as yet is unfound by ony man.” For tho dis¬ 
covery of this treasure Napier was to have a third of tlio hoard, 
'With .A safe armed osoort back to Merchiston; but the affair of 
tho Gowrie oonapirocy against tho king's life put an end to the 
speculation. Napier was aUoged to hold secret correspondence 
^ib the devil, and to have a familiar spirit, in the shape of a 
Hack eoek, which sat on tiie back of an arm-chair in hia study ; 
bat this, and other atories concerning him, were tho resnlt of 
the ignoranoe of the age and hia own i^sioruoian propenaitieB. 

‘VThen at coUegre in hia boyhood he contracted an intimate 
friendship with a Boman Catoblio student, with whom ho had 
>»sny refigiouB diaoaaaiona in defence of the Beformera and their 
doottineB. . .At that time he was an attentive hearer of the 
aetmone flf that worfty Engliahmao, Mr. Chriatopher 6k)^- 
BWB,” who had fled to Scotland after having given offence alike 
to Ibsiy et England «id her enooeasor Elusabeth. 

^il^Mdauoi’ainterpxetationaof the Apocalypse and its mysteries, 
^Bn?died to Catit^oityr aoimpteued tho mind Napier, that, 
Ma tMtthM&atlos forathne, '*hs doten^A'* to 


nae his own words, “ with the aaaistanoe of God's Spirit, to ’ 
employ his skill and diligence to aearoh out the remaining mys¬ 
teries of that holy booke.” So, soon after he published at 
Edinburgh, in 1593, his “Hoin Disoovory of the whole Bovela- 
tion of St. John.” This work he dedicated to James TI., and 
urged “ Hia Majesty to attend to the enforcement of the laws, 
and the potection of relqpon, beginning the work of reforma¬ 
tion in hie own house, family, and eov/ri.” 

Amid hia mathematical studies, it would appear that Napier 
paid some attention to the cultivation of poetry, for prefixed to 
his work is a metrical address to “ Antichrist,” and certain verai- 
fiod prophecies out of the Oracles of Sybilla. Tho same year 
found him appointed by tlio General Assembly of the Soottisb 
Church, one of the commissioners appointed to assemble at 
Edinburgh, with referenoo to certain designs alleged to be formed 
at Borne for the overthrow of tho reformed faith. 

In 159C ho published a letter to Anthony Bacon (brother of 
the famous Lord Bacon), entitled “ Secret Inventions Profitable 
and Necessary in those Daya for the Defence of this Island, and 
withstanding Enemies to God's Truth and Boligion,” the original 
MS. of which is prosorved in tho library at LambethiPalaoe. 

This work had direct reference to Spain and the Armada, and 
re-introduced the ancient classic idea of buming-glasaca, together 
with other strange devices, among which wore a piece of artillery 
to shoot in curi'od lines, cro8.s-bar or choitt shot to cut away 
“the whole moats and tackling ; ” a round chariot of iron (the 
iron turret of the present day) mode “ double muskett proofo,” 
ahipa for sailing under the water, “with divers other strate- 
gemos,” he concludes, “for harming of the enemy, which, By 
the grace of God and worke of expert crafteBmon, I hope to per¬ 
form.” But tlio ago was not one of progress, and his sugges¬ 
tions fell to tho ground, like those of many inventors. 

For several years bo had tumod his attention to tho discovery 
of a quick and shori mctliod of calculation, to facilitate the 
solution of trigonometrical problems, and at length his efforts 
were crowned by the most complete auooesa. In 1614 he pro¬ 
duced Ida hook of logarithms, styled by Sir John Leslie “ the 
noblest conquest ever achieved by man.” This work, entitled 
“ Mirifici Logarithmorum Canonia Bescriptio, etc,, authore 
ao invontore, Johanno Noporo Barone Merchiatonii, etc., Scoto,” 
woa printed by Andro Hart, of Edinburgh, and dedicated to 
Prince Charles, afterwards Charles I. The Scottish mathema¬ 
tician thus attained that which tho schools of Greece and the 
lights of Germany had foiled to accomplish. 

Logarithms in calculation are what tho steam-engine ia in 
mochanios. They enable tho calculator to overcome every 
obstacle, and render the most intrioato combinations of numbers 
comparatively easy. Before tlje time of Napier, philosophers 
devqted days and weeks to c'ompntationa, which now may be 
nccomjflUriied ina fewhoura. The world suppose mathcmatiouuui 
to be more calculstora; but few men calculate less, if the number 
of oharactera employed be oonaidered. By the aid of logarithma 
they ore enabled with a very few figures to compute qnaatitieB 
which would utterly bafile tho ordinary mathematiaiau. Their 
use ahortena nearly every arithmetical calculation. 

“ Tliough logarithma,” says Professor Playfair, “ had not 
been invented by Napier, they would have boon discovered 
(eventually) in tho progress of algohraio analysis when the 
arithmetic of powers and exponents, both integral and fractional, 
came to be understood. Tho idea of considering small numbera 
as powers of one given number would then have readily ocourred, 
and the doctrine of aeries would have greatly foo^taaed tho_ 
calculations which it was neoeaaary to undertake. Napier had'^'k 
none of these advantages, and they were all supplied by the 
resouroes of hia own mind." And it is a proud rcfioctiou for 
Britain, as a great maritime nation, that she does not owe to a 
stranger the creation of that intellectual aid, which renders her 
fleets OB free and os featlesa in navigation os they have ever 
been in battle; but to an obscure Scottish gentleman,bom and 
brod amid the civil wars of the sixteenth century. 

This important discovery made the name of Napier km>wn to 
the learnt over all Europe j and Kepler dedicated Mm Ephe- 
merides ” to the inventor of the logarithms, whom he deemed 
the greatest matbematieion of the age. 

In hia last work, entitled “ Babdologia, sen Numeratio pOT 
Virgulas,'” in two hooka, published in 1617, the year m^hmh 
Kmg James revhdted Sootlaiid, hedesetibea a methoens per¬ 
forming opetaitone nf nn^plioation md division by m muabee 
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of BmaU rodi, which continue to be known and need- by the 
uune of ” K^et'e bones.” 

Agrionlture occupied some of his attottion, and he had a plan 
aononnoed for making land more profitable, by sowing it with 
ealt; but as tiiis was supposed to be the suggestion of the devil 
or idle black cock before mentioned, the Scottish farmers were 
in no hurry to adopt it. 

“When yon have sown your white seed," ho wrote, “you 
may sow for every boll of wheat, upon reasonable stiff or clay- 
land, one half boU of salt thereupon, and in sandy ground one 
firlot of salt; and let all be harrowed together, and hereby, God 
willing, you may have a good clean crop. In like manner when 
you have aowu your oat-seed, you may sow three flrlota of salt 
upon every boll of oats; but this must be done upon watery 
or laigh (tom) land only, as upon meadow land, whereupon the 
water stands commonly in winter, ye shall, God willing, find a 
rich crop. But upon dry land ye shall sow no aalt, whore the 
oat-seed is presently sown, but before Martinmas, except with 
wheat, as said is, else yo shall rather lose than gain. Ye shall 
sow no salt with bear (barley) instantly neither npon wet nor dry 
ground, bat as long before Martinmas os you may, as said is.” 

Napier was twice married; first in 1571, to Elizabeth, daughter 
of Sir James Stirling, of Keir, by whom he had a son, Archibald, 
afterwards first Lord Napier, a zealous Cavalier and adherent 
of King Charles; and secondly, Agnes, daughter of James Chis¬ 
holm, of Cromlix, in Perthshire, by whom he bod five sons and 
five daughters. One of the daughters, Margaret, became the wife 
of Sir James Stuart, of Bosythe, who is said to have been thus 
connected with the family of Oliver Cromwell. 

On the 3rd of April, 1617, this illustrious mathematician 
died in his old patrimonial tower of Merchiston, which is now 
occupied as one of the principal schools in the Scottish metro¬ 
polis, and was buried in Si. Cuthbert’s Church, outside the 
western gate of that city. 

His eldest son, who succeeded him, was for his services and 
loyalty created Baronet of Nova Scotia by Charles 1., and in 
1627 was raised to the peerage of Scotland by the title of Lord 
Napier, which continues to be borne by his descendants. 

A tomb belonging to another family, on the north side of St. 
Giles’s Church, by popular error is always styled the resting- 
place of the great inventor, simply beoanse it bears the name of 
Napier. Several portraits of him have been engraved from tbo 
original, which is preserved in the University of Edinburgh, and 
was painted in 1616, by whom unknown, but it was presented 
to the Sonatas by his descendant, Margaret, Baroness of Napier, 
to whom his honours opened in 1686. 

MUSEUMS: THEIR* CONSTRUCTION, 
ARRANGEMENT, AND MANAGEMENT. 

nv SAMuni. iiiaHi.'BY, F.a.s., btc. 

VI.—CLASSIFICATION OF EXHIBITS (conUnuud). 

Thx system of fixing certain days for the delivery and removal 
of go<^B to and from particular classes, prevents the universal 
confusion that prevail^ on former oocaaiona, when exhibitors 
fuad their assistants belonging to all classes weite allowed to 
bring in or remove their exhibits at one and the same time. 

It is proposed to extend a series of International Exhibitions 
over a period of ton years, so that each olass of the mannfac- 
taring_ sections may bo bronght under review decennially, 
aooording to a scheme laid down by Her Majesty’s Commis- 
sionenaifot the Exhibition of 1851, which is now obtainable 
^rom th^ offieial at Kensington Gore. The divisions for 
■oiantifio and new disoovoriea of all kifids, and fine arts, will, 
however, oeour annuaUy, so that the pnblio may be k^pt in¬ 
formed of the latest efforts in soienoe and art.. llie Inter¬ 
national Exhibitions of new and rare plants, and of fruits 
and vegetables, showing specialities of cultivation, will also be 
held imnnally by the Boyal Horticultural Soeieiy in oonjunotion 
with the above Xlxhibitims. 

. ThuS|far I have endeavoured to give a digest of the general 
piinaipiles of oonstruotion,^ arrangement, and management that 
rec ommen d themaelves tor imitation at future ekhibitions, and 
rahh oommeuts on matters that demand oorteetion, as my 
ittpudtSM as a oontidbator to aU our exhibitions ft^ 1851 


suggests. Among the multitude of details that demand atten¬ 
tion for the aatiafaotoiy worldng of ui nndertakmff of this 
nature, together with the oonfliotir^ interests that have to be 
oonsidered and humoured, enon of judgment are sure to arise. 
Faults of arrangoment and management can, as a mle, only bff 
discovered after they have been carried into praotioe, but ihmt 
both exhibitors and offimals ought to endeavour to eliminate 
whatever has proved unsatisfactory, and profit by what expe¬ 
rience has shown to be good, never foi^etting to disonss the 
differences of opinion t^t may arise from their respeotive 
stand-points with mutual forbearance and oonrtesy. 

In concluding the subject of International Exhibitions, it . 
may not prove unprofitable to oonsider rriiether the buildings 
that have been erected at South Kensington as a permanent 
institution might not bo modified so os to oorreot-some of the 
ehortoomings noticed in a previous article. 

The present building oonsista of long gsBeries forming throe 
sides of a square, connected by two curved oovered ways with 
the conservatory of the Horticultural Society, and by timt with 
the Albert Hall, the garden of the Society being enclosed by 
the entire range of those stmotnres. Between the “ Exhibition 
Galleries” and the gardens run a parallel range of open arcades, 
used in 1871 for the coarser kinds of pottery, gymnastic and 
boating appliances, refreshment bars, etc. ’The gallerjes are 
two storeys high, the upper floors in each being devoted to 
pictures, statuary, and other works of art^ which at various 
points give access to the roof of the arcades, that eervos as 
open-air promenades overlooking the gardens. The ground 
between the Albert Rood and the west galleries is quite uu- 
ocenpiod, and that between the east galleries and the Exhibition 
Itoad only partly covered by the buildings devoted to the 
French Annexe and the Council Room and Flotal Bazaar of the 
Horticultural Society, while the South Gallery is a long narrow 
stmetnre forming a remnant of the Exhibition bnilding of 1862. 

Regarding it as possible that the Royal Hortionltut^ Society 
could find accommodation for their council room and offices in 
the Albert Hall, the curved oovered ways on the ground floor 
could most appropriately be devoted to a floral or horticnlturul 
bazaar. The ground between the west and cost galleries and 
the public roods could then be occupied by additional dwarf (or 
one-storeyed) galleries and covered ways next the Albert and 
Exhibition Roads for the convenience of carriage visitors, 
os an especial provision for wet days—a shortooming greatly 
felt in the arrangements for 1871. Thus, on the day before 
the close of the Exhibition the rain came down in torrents, 
especially at the hour when the visitors were being “rung 
out,” and the wind drifted the rain through the large open 
carriage entranoee of the Albert Hall in drenching showers 
of spray. Crowds of handsomoly-drosiied ladies, waiting for 
their carriages to oome up, were forced by the police, uiider 
tlic orders of the door-keeper, from the sbolter of the haU, and 
the supply of publio conveyanoos being quite inadequate to 
meet the demand at this point for shelter at any prioe, the 
mass had no help but to “ grin (rather savagely I) and bear it.” 
Common sonso indioates tiuit provision should be made, when 
there are large assemblies of people, against health or dress 
being injured during wet weather. Such aooommodatibn is 
provided at Sydenham Palace, and ought to be arranged for at 
next year’s Exhibition. The dwarf gallerieB -eir the west side 
could be arranged for tbo permanent featurra of the aunnsl 
series of Exhibitions—viz., maohinery in motion and new me¬ 
chanical and soientifio inventions, while tiiose on the east side 
conld be employed for the requirements of other but varying 
oksses, specifled tor each year's exhibits. These galleries 
run in unbroken parallel linos, a form of eonstmotion 
best suited for carrying out the proposed snangemeut of tho 
subdivision of each doss into nationalities. The q>aoe that 
apparently is requited for oanying out this reform would thus 
bo provi^d emd waste laud utili^. While the outer mils 
next the publio road, east and west, might be of bririt, the 
internal supports mi^t be arranged in ibe aidant iron-work 
adopted in 1851, and be roofed wiik glass cm Faxton’a zidge- 
aud-fiirrow aystra, as may be seen at the Sj^enham Fslaoe. 

The western and eastern oteades and g^eriss - riionld hdee- 
wisebemads o(mtinnous for tbs class-dividbd-lato-iiattenalitieB 
system, so that all tbs riaaa gallsrieS, whsther tm ground or 
i 4 »psr floor, should mwgs into a gnmd hall, that oodd to 
eiwrted aoroas the lower end of the HortioultBral Soeiety’s 
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OacdwWi potitioB ooonpied by the Exhibition BoildinK of 
1863, vhen the geOerim beldnd the diniag-rooms now stt^: 
that would cepeet the beet featiireec^ 1851 and 1862, the want of 
which,aa pxe^onaly atated, made iteelf felt in 1871. To the height 
fii two etonye the walls of this hsB might be of briok; above 
that, and a third of the entire height, the stmotnre ehonld be oon- 
tinaed in ornamental iron framework glared, and in part relieved 
by coloured glass, tiie whole length being covered in with a 
glazed arched roof, after the style of Paxton's transept of 1851, 
now transferred to Sydenham. Each end of this bnilding 
should comprise grand entrances on the ground floor, organ 
lofts on the upper floor, and the glazed part should be of rich 
design in stained glass, embracing the dial-plate of a monster 
electric clock. Qz^eries should run round this hall, which on 
the north should give access to the picture galleries. In the 
centre should be arranged the basin of a fountain, that on the 
occasian of state oeremonials could be covered in to form a 
dais. The grand ball should be devoted to the display of 
statuary in oonnection with artistically arranged groups of 
tropical and other plants, banners and armorial shields of 
nations, provinces, and trades; on the walla and from the roof 
of the galleries should bo displayed pendent specimens of 
tapestries, carpets, wall decorations, papering, etc. ; and in 
gallery cases, shawls, lace, engraved ivory, metal-work and 
precious stones, designs of porcelain, and other objects shown os 
art productions. The centre of this hall should bo artistically 
arranged with the more imposing groups of statuary, organa 
or other large musical instruments, trophies of science, art, and 
manufactures, connected with the special series of objects 
belonging to the year's programme. Such a hall would form 
an imposing and attractive feature to the mass of the public, 
and daring the off season it might be utilised as a winter garden. 

If, after duo consideration, it is deemed advisable, with the 
object of securing abundant contributions from the Continent, 
for the sake of “ profit," if not “ glory,” to introduce the 
bazaar element at future exhibitions, then let the staUs be 
established apart from the main body of the goUerios, in the 
east and west theatres and vostibulos of the Koyol Albert UaU, 
and charge a rental to those English or foreign exhibitors who 
wish to have shops whereat they can make direct sales of goods 
“across the counter." Tlie offices fur exhibitors, catalogue 
distributors,* and agents might here find suitable quarters, and 
in a position readily disooverablo by casual visitors. 

If it be the inteution of the managers of these ounnal oxliibi- 
tiotm to place before the world a series of exhaustive illustra¬ 
tions of ^e different methods followed in various countries in the 
conduct of the manufactures selected for each year (but with 
greater evidence of pro-organisation tlian was evidenced in the 
educational collections fur 1871), it will lead to an interohango 
of ideas that ought to prove to the mutual advantage of manu¬ 
facturers and the progress of civilisation. 


PAPER AND CARDBOARD MAKING.—VI. 

BT aUOBaX TINDAU.. 

MILLBOARDS, CARDBOARDS, ETC. 

ALTBOPoa the use of the watermark os a trade mark is now 
almost enrixely abandoned, its value as a means of preventing 
forgery and as a safeguard for bank-notes, bills, ohequos, etc., 
is very groat, and its use has latterly been much developed by 
the invention of a means by which gradations of light and 
s^do can be given to the paper, instead of the system of simple 
lines formed by wires, formerly used. Ezemplifloations of 
this prooess may be seen in the Bank of England notes and in 
postage and receipt stamps, evSry one of which has an elaborate 
watermark in addition to the very intricate designs printed on' 
the Burfaoe, bo that in order to counterfeit any of these, it would 
he neoessory to have paper speoially made for the purpose, in 
addition to the trouble of engraving and printing. Iboso effects 

* No pvoTiilan wss made in 1871 for obtaining axhibitois' catalogues, 
though dtsn they were taniAUsiagly displayed behind the glass of 
their e as a t ; the atbendsuta conld afford no aasistanoe in pioenring 
acftss. 7^ shortcoming wss especially vexatious in oonnection 
with valnaUe fonigB ezhitdts, as ^ ezhibitora' oddivna were not 
given in flw OfiUal Catalogiteiit the Industrial Deportment till, quite 
late in tb* aeaaom the “Index" was pnbliafaed, consequently ooui- 
nateeahhm tritb ekb^ton was to a great extent heired. 


ore produced from an engraving on oopper or steel, similar to one / 
prepared for printing, either by taking an eleotrotype whdoh is 
affixed to the surface of the wire gauze forming the mould, or 
by using the engraving os a die, and by great prosaore with a 
steam-hammer or otherwise, taking an impression from a thin 
sheet of brass, snob portions as enter tiie Unes engraved on the 
desi^ being transferred to the mould, or the dieia used to give 
the impression direct to the fine wire gauze of the mould; in 
the latter ease the mould must be most oorefnlfy used, as the 
design is soon defaced. In this way the most intricate deeigna 
may be pennanontly introdnoed into the texture of the paper, aa 
weU as the deUoato effects of light and shade forming a Iz^- 
scape or a portrait, and at the cost of a few pounds for monlda 
or a dandy-roll, the exclusive use of a paper may be secured to 
on individual ora oorporation, with an autograph, orest, ot otiier 
design suitable for tbeir use. 

Waterlined brief papers ore still largely made by band, and 
used for legal purposes. The lines are formed by the intro¬ 
duction into tho mould of plain wires across a wove surface, and 
consist of a margin line and thirty-six or forty parallel lines 
commencing at tho margin line. A great vorioly of machine- 
made papers with tho surface either lined by watermarks, or 
covered with designs formed in the same way, by moans of speoial 
daady-roUs, are now imported into this country from the Conti¬ 
nent and largely used for correspondence and ether purposes, 
whilst a small quantity is also made in England; but the use of 
these papers is still very limited, whilst the use of specially water¬ 
marked papers for commercial purposes is very largely iooroasing. 

Watermarks have at various times been valuable adjuncts in 
the detection of crimos in courts of law; while, on the contrary, 
tho careful study and use of watermarks enabled the celebrated 
forger, Ireland, for years to fabrioato and pass off as genuine 
emanations from the pen of Shakespeare, a very largo quantity 
of manuscripts which, at the time, deceived many of the ablest 
critics of tho day. In a pamphlet which he aftervrarda published, 
Irclaud says that ho purchased tho fly-leaves of old Iraoks, and 
being at first wholly ignorant of tho watermarks used in the 
reign of Elizabeth, he was careful to produce bis manuscripts on . 
such shoots as wore entirely without watermark; but as the de¬ 
mand for his wares increased be feared that this might bo 
noticed, aud learning that a jug was a common watermark of the 
l^eriod at which his manuscripts were supposed to be written, ho 
made careful search for shoots of paper with this device, and 
afterwards introduced a certain number of sboets with this 


watermark in his spurious documents. This was doubtless 
tlio mark formerly used for (mtt papers described in our lost 
article (Eig. 3, page IGl). 

Having now fully described the process of papor-maldng, wo 
proceed to the manufacture •boards, of which there ore two 
very (^^crent and distinct kinds—miUboards and paste at card 
boards. ' Milled or millboards were, up to a very recent period, 
used oxolusively for bookbinding purposes, but tho inquiring and 
inventive spirit of the past twenty years bos found almost innu¬ 
merable uses for this very useful article, the chief one being box¬ 
making for drapoTB, miUiners, and a host of other trades; they 
are also largely used for machine packing, and oven for tiie inner 
solos of show. This inoromed use, of course, requires on in- 
oreasod supply, and whereas formerly miUboards were made of 
old tarred rope and sneh materials as were used for strong brown 
papers, now hundreds of tons mode almost entirely of straw) are 
import^ into England from tho Continent;, whUst large quan¬ 
tities are made boro from very inferior materia, snoh as flax aud 


jute waste. Hopbine has also been saooesafuUy tried'for this 
purpose. In the making of those boards, tiie prooess, as for as^ 
the formation of tho waterleaf, is preeisely the same as that de¬ 


scribed in making paper by band ; bat instead of placing a felt 


between each sheet of paper, as many sheets of waterleaf as are 
required for the thiokness of the board to be made are placed one 
upon the other, and then a felt is placed upon the wh<flo. Then 
another board is begun, end the same process is oontinaod. When 
these are pressed the sheets become one homogeneous board, and 
they are aiterwards treated like hand-made papers, being again 
pressed without felts, and tiien hung up in lofts to d^. Some of 
these boards have a beautifttUy-polishod surfaoe given to them 
by friorion glazing; this is periormed by a smooth ineoe of agate 
fixed in a framework, and having a legi^ morion given by 
suitable maifliinery; by this means a surface of zirir^ two 
inches is glazed by bunuzffiiog at once, and saoooHive portkms 
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o( tiu beavd ate bTonght under the action of idie toed nntil tiie 
hoard la eoaqtleted and haa a anzfaoe like a plate of ^laaa. A 
'eoiuddezable number of Tei 7 thin boturda, and especially straw 
boards, are now made at machine like ordinary thick papers, 
while eome^ boards for engine packing are made nearly an inch in 
, ^oknesa. , 

X BastebOardtand cardboards althongh sometimes made as tlnok 
^'ordinary millboards, are prodnoed in a very different manner. 
El this cose the Tations sheets of which tiiu board is composed 
are made at moohino fax the ordinary way, and consist of a middle 
which for pasteboards is of inferior quality, and two outside 
sheets which are posted on to the two sides of the middle, and 
being pressed a firm thick sheet is the result, the surface being, 
of oourse, of the finer qimlity of paper used for that purpose. If 
a rery thick boardis desired, two or more middles may be pasted 
together and then ooTorod, whilst middles and outsides of various 
thicknesses may be used, and thus any weight of board may bo 
obtained. For white pasteboards a very white or %ht grey 
middle ie need, made of materials somewhat inferior to those used 
for fine printings, tho principal retiuiaites for a good middle being 
evenness of texture (as lumps show up after pasting through 
tho oovering) and colour, if for white boards; bidk is also an 
important consideration, as, of oourse, the thickness of tho board 
depends most on the middle, and any attempt to load a middle 
, by tho addition of mineral matters to some extent defeats itself, 
as a heavier middle is required to seoure tho thickness of the 
board. For coloured boards such as arc used for railway tickets, 
bonnet-boards, etc., a very common brown or grey middle is 
used, its quality being hidden by the coloured surface-paper. Card¬ 
boards are made in tho same way, but being a better description 
of board tho middle is usually of as good a quality of paper as 
the oovoringa, and after making they are pressed between heated 
sine plates in tho same way as fine papers are treated for plate 
glazing; this gives them a fine polished surface, as well as making 
tho boa^ firmer and harder, A fine, thin cardboard called ivory 
is made from two or more shoots of fine paper pasted together 
and rolled until a beautiful hard, smooth surface is produced. 
. This is used for visiting and address cards, and for fine printing. 
Many cardboards are ^so surfobo-stainud or enamelled by coat¬ 
ing ^e card with a white or coloured composition and rolling 
until a good surface is obtained, as in the caso of enamelling; a 
beauti^, smooth, and shining surface is the result of continued 
roUin^J These operations are not usually conducted at tho 
paper ~miil, tho babincss of cardboard and pasteboard making 
being separate from that of paper-making, and oftonor carried 
on in towns, while paper-mills are usnally situated at some dis¬ 
tance from large towns—except mills where coarse papers are 
made—on account of clear water being a very great desideratum 
in the prodnotion of fine papersia. 

Besides the important branches of millboard and oar^bsiard 
m aki n g, some other applications of the paper manufacture are 
worthy of our attention, and of these we will notice tlio manu¬ 
facture of articles of clothing e.nd fumituro. For many years 
post the use of collars, fronts, and other artiolos of wearing 
apparel made either entirely of paper or of paper in connection 
with linen fabric, has been steadily increasing, nntil this has be¬ 
come an important branch of tho manufacturing industry of 
this and other countries, particularly of America, and a great 
number of persons are employed in this branch of commerce. In 
China, Japan, and some other countries, tho use of paper for hand- 
kerohiefe, coverings for tho head, and other articles of dross, has 
been known for many years; indeed, scarcely any substance is 
oapafaill of being applied to so many purposes or of being made up 
^into «ndi a variety of useful and ornamental artieles as paper. 
It can MiKly b« made waterproof, and so form a shelter from rain 
as well as the heat of the sun ; when in the shape of pulp it can bo 
moulded to any required form, and it dries hard and firm so that 
it can he used for furniture, and even for building houses, and 
in this state it ifl almost fire-proof. Excellent window blinds 
printed in a great variety of patterns ore now made from it; 
indeed, the uses to iriiioh it is applied are almost numberless, 
for it has been proposed to use it os an armour for ships in lien 
of .steel plates, undor the belief that it would be a greater 
aofegnord than steel and iron, whilst it would oertaiidy be 
rvcf nmoh %hter, and so woidd not affect the sen-gOing qualities 
of vessels to whidi it Wae allied. After this we ean afcs% 
beUeiMhnthoaseeinay be loof^ or oven built with it; 
iutt VbgM 1* im Bmit to the jmiposes for whioh it may be oved. 


In the moanfooture of fnmitme and wearing appssri, however, 
the piooesses ore widely different^ for the former, the.pnlp must 
be manipulated, whilst for the latter, the perfect sheet ef paper 
mode in the usual way is tidcen and ixeated by tiie mokem of 
these artielM. 

Simple paper ooUars, etc., ore made from a sheet of etoni 
paper whi^ is first passed between rollers to give it a surface, 
or is glazed in tho nsusl way between mettd plates. It is 
then placed in a press, and at one simple operatiem the;eollar 
is out out clean by the desoent of a puneh or die, which at the 
same time impteases any pattern that maybe required, and the 
collars are then folded and packed in dozens in nest round bozes 
which are likewise made of paper and pasteboard or millboard. 
Collars made of paper only are now, however, almost entirely 
superseded by linen-faced fabrics; in this case the sheet of stout 
paper is covered on one side with a roll of thin- fine linen in tho 
same way as tho middle of a pasteboard is oovered with the fine 
outside sheet, and by pressing and rolling the linen is incorpo¬ 
rated with the paper and a fine glazed surface is obtained. Tlio 
collars are out out in the way just described, the products being 
stronger and finer, and very closely resembling fine linen. Fronts, 
wristbands, etc., are mode in the same way, a great nnmbor and 
variety of dies being rociuited for tho various sizes and patterns 
now in use; and in some eases, where an elaborate pattern is 
stamped upon the article, this is done after tho required shape 
has been out by a punch by placing it between two plates, on one 
of which tho required pattern has been engrdred, and tho other 
cast or moulded from it; those plates are then jiassed between 
a pair of rollers under considerable pressure, and by this means 
the paper is forced into tl\o sunk spaces of tho engraved plate, 
and stands out in bold relief wlion taken from it. The cuttings 
from the shoots, which aro necessarily somewdiat large, are re¬ 
turned to tho paper-maker for rc-manufactnro; in many cases 
they are wurth half their oust for tliispnri>ose, and are eagerly 
songht after, as are also the cuttings mode in tho manufacture 
of cnvoloxtes, and tho shavings from bonk edges and other out 
papers ; when these shavings are clean they may be readily con¬ 
verted into pulp, and lose but little in the process. 

Tho use of paper in covering tho walls of rooms, etc., has now 
almost entirely superseded tho old method of whitewashing or 
painting, and has boon extended to tho humblest dwellings in tho 
laud; for this purpose, also, the paper is made in tho usual way, 
but in a continuous sheet about twenty-two inches wide, known 
as “ long elephant.’’ ’I’he staining or printing of tlio pattern is 
rapidly aooom])lishcd by very boantifnl and simple machinery, 
tho several colours being laid on at one operation, oxoept in the 
case of very fine paper-hangings, for which the old pwKiess of 
block-printing by hand is still used ; the paviers are then cut in 
lengths of twelve yards, and rolled up in pieces for sale; and so 
rapid and cheap is tho operation that a piece of paper-hanging 
twelve yards long, with a design beautif^ly printed in several 
colonrs, may bo bonght for a few ponce. 

For window blinds a broad and very strong sheet of continuous 
I>aper is used, and this is first passed through a bath of very 
strong aizo before the design is printed ; afterwards it may bo 
vamishod, and in this state the surface may bo washed if care is 
used, othorwiso it can only bo worn nntil it is dirty. 

For ordinary furniture a very different method of monufaoinre 
is followed; the pulp is prepared as for paper, and oonsists for 
the most part of waste papers broken up in the engine, and mu 
into drainers, os described in tho early portion of these papers. 
This half stuff, as it may be called, is then taken and moulded 
into the required form, and after drying is varnished and 
polished. Articles made in this way are termed papier maeM, 
and very light and durable tables, chairs, .trays, and numberless 
other articles of furniture are produced at very sm^ cost, tho 
principal objection being that this substanoe Ims not tho same 
power of retaining a firm hold of nails, screws, oto., which is 
possessed by wood, so tliat for articles requiring binges or other 
similar arrangements it is not so suitable, Itot it may be turned in 
a lathe or m^ded to any shape in the condition of pulp, so that 
it is very snitablo for artieles modern one piece only; it is also 
Buseoptibje of a eonsidexable amount of ornamentation 1^ inlay¬ 
ing with mother-of-pearl and other substances, whii^ is easily 
done when w#ale is in tho dimp soft stote. 

We have thus indicated some-of the varioaB eateneuma, so to 
speak, jeff the paper mannfootaK, thdngh naarlysBofibem ton" 
separata and distinot bxanohea M eommerae, and someeff them 
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no dionfaiti, xeaeira ■epaiato, and. fill treatmani in tha pag'ea 
q| fK" 'PatMHioAi. EpuaaTOR. FerhapanokijDdofmannfaotare 
])M )uMi fa an otonaian in vfxioaB directions as ;this, and 
pwhapa noo^F has so largely taxed the ingennify of its followers 
to supply it'wi& the naterislB for its extension. Mode originally 
fcem ihe rofnse and waste of other indostciee, the whole surface 
of the globe is now.xansaoked for fresh fibres suitable for direct 
use in the manufacture of paper. Largo sums have been offered 
OB a reward for tbo disoovery of such fibres, and the attention 
of many intelligent man in our colonies and elsewhere is now 
attracted to subjeot, so tliat wo may fairly hope that as the 
pse of paper increases we shall be at no loss to supply the de¬ 
mand. ^e importance of this industry to ovary branch of art 
and Boionee and to everything that tends to the elevation of 
msnkind is inoolonlable, and anything calculated to facilitate 
or to improve it is a matter of more than national importance. 


CIVIL ENGINEERING.—XVI. 

BY E. a. BARTHOLOMEW, C.E., M.S.K. 

UABBOUSS. 

UDR attention in previous chapters has been directed to those 
interior appliances by which engineers have been enabled to 
protect certain ports of the coast against the violence of the 
sea, and to afford shelter to vessels when within their influence. 
We liave now to «peak of the harbours themselves. 

And first in iuportanco amongst the variuns matters which 
arise in connection with this subject, is tlio depth of water ob- 
taiuablo at the lowest point of the tide; because a mere lido I 
harbour—that is, a harbour only accossiblu to vessels at certain 
periods before and after low tide—is, after all, of only a limited 
value. There are not moiiy positions on our coasts, whether 
sheltered by nature or art, whicli possess naturally a depth of 
water sufficient to float large vessels at all times of the tide. 
Indeed, sonic aro mcru mud-banks when the tide is out, exhaUug 
poisonons efiluvia. Now much of this evil is remediable. 

Before, however, we point out what arc tho means usually 
adopted for obtaining and mointainiiig a proper depth of water 
in a harbour, lot us see whence tJio causes of the evil arise. 
Briefly, they arise from two sources, tho effects of the sea and 
the effects of the land-water. Tho same action and force which 
forms sand-banks, produces bars at the months of rivers, and 
throws up pobblo ridges, as at Woymnnth and AVestward Ho, 
will throw mad, sand, beach, and buuld»Ts into a harliour, and 
if not prevented, sooner or later render it useless. When 
in 1774 Smoaton was requested to report upon the state of 
llamsgato Harbour, and the cause of, and the nsmedy for, its 
choked condition, he found it to contain 208,700 cubic yards of 
silt, which was still being deposited at tho rate of one inch 
every five weeks. Tho whole of this mass had been brought 
into the harbour by suecessivo tides. Tho water upon this part 
of the doost is highly eharged with a mixture of mud and very 
fins sand whenever agitated by the wind, and this silty water, 
findipg repose in the harliour, deposits tho heavy matter held in 
Suspension, the water alone being taken back by tlio receding 
tide. This, which occurs at Earasgato, will occur more or less at 
every harbour in which tho enclosed water finds almost absolute 
repose; and the smaller tho harbonr, tho greater its tendency to 
become silted up, because the back-flow of water at ebb tide is 
inanffloient to carry back tho deposited matter. Tliis fruitful 
aonroo of misohief to a harbonr was almoi-t unknown to tho 
knoients, because the Phoenicians, tho Greeks, tho Eomans, 
isdeed all tho old maritime nations, inhabited countries whose 
^ts and hoxbonrs were situated on an almost tidcloas sea; 
Inmoe we are left without record as to Uio plana which may 
have been adopted by them for remedying the evil if it existed. 

Another fmittal eonroe of mischief to a harbour is the earthy 
matter brought down, by freshets from tlic interior, in the ease 
of a river £ding its way to the sea through a horDour. This 
eac^ matter wUch, held in snspension, might have boon osxriod 
ooiQpIote^ out to sea if it 1^ had an unopposed course, will gene- 
rslly meft with a cheek at the flow of the tide, and the w%ter being 
thns brooghtto a st^nd-stiU, the same rosolt will follow as that 
already ixidioated, the suspended., matter becoming deposited in 
the jbuboTir. An instanae of this kind ooburred at Aberdhen 
g!Qyj|anA .t 9 the improremsut of the haxbour by Smeaton. The 
mitt dtt, which admitted the tide to flow upwards about two 


miles, and to spread itaeU over some very flat ground, did not 
acquire snffioient strength to bazzy ont all the deposits that 
were borne down from the land in the interior through which 
the river flows. Tho tide, meeting tiio fresh water, oocasioned 
the sand, stones,' and mud to be deposited, and at lost a bar 
was formed, which almost obstmot^ the entranoe for large 
vessels. Smeaton disoovered the oanse of the dsposit, and 
finding the river spread over a space upwards of wO ya^ in 
breadth, ho dooidod npon confining it within a nanower ohannel, 
and it was for this purpose that ho oonstmoted the North Pier. 

Tliis course, which proved sncoessful in the ease of Aberdeen, 
could not, however, bo adopted in all instances; imd indeed in 
that particular locality the old harbour, which was nothing 
more than the improved month of tho river Dee, was fonnd 
insoifloient for the necessary accommodation, and was snbse- 
qncutly'abandoned for artificial wet docks. Bvety separato 
locality will inovitahly require its own special treatment, and 
hence no absolute rule can bo laid down for the best method of 
removing deiiosit from a harbonr, and of keeping it free. We 
may, however, be gnided by general prinoiplos, and a oarefnl 
study of the works of Smoaton, Telford, B^nie, and some of 
tho French engineers will be the bost goide to the arrangements 
which have proved snucessfal in tlio majority of instances. It 
will generally bo found tho most efficient, and at the same time 
tho most economical plan, to allow Nature herself to provide the 
remedy, assisted by a 'skilful application of art. If leater has 
been the means of introducing the deposit, lot wafer remove it. 
If the mud oauic from tho laud, brought down by the even flow 
of the river or stream, endeavour ■to arrest the even charaotcr of 
the flow, and make it intermittent, employing the pent-np water 
at certain periods, so that its increased flow at these times 
may scour the harbour, and carry tho deposit far ont to sea. 

Probably no country has been so snccessful in the improve¬ 
ment of their harbours by the adoption of sluices for scouriug 
them as tho French. We might conduct our readers round tho 
greater jiart of the soa-boanl of h'rance, and sliow them tho 
numerous costly, ingenious, and successful contrivances adopted 
by their engineers for washing away the silt from the bottom of 
their liarbours. A few instances will, however, serve to illus¬ 
trate thoir arrangements. 

Dunkerque, or Dunkirk, presented one of tho earliest and 
perhaps one of the finest specimens of marine engineering in 
France. So far back as 1089 contrivanoes for deepening tho 
port and keeping it clean wore adopted by M. Clement, one of 
the most celebrated civil engineers of his day. Tho harbour 
was provided with no less than fivo independent sluices, which 
could bo used cither singly or collectively. The prinoipal slnioo 
was at tho end of tho canal of Bergues. It was SC feet in width, 
fitted with a double pair of gnjoa. One of these gates supported 
tlw waters of the canal, the other 'those of tho sea at high water. 
Tholand-'wator was retained by tho upper gates until the period 
of low tide, and the scouring effect of the waters which were 
then discharged was felt to the end of tbo jetties, a distance of 
<S,500 yards. By means of this slnico, oombined 'with a second 
l.!> feet wide at the month of tho canal of Mo6re, and a third at 
tho canal of Fames, the port was cleaned and scoured out to the 
depth of l^feet. ■ 

There was, however, a slnioo larger than either of the above 
constructed by Vaubaii in 1084. This was 42 feet wide, and 
tho gates supported a weight of water 20 feet high. Tho foun¬ 
dations of the slnico were laid on a moving sand, into which 
were driven eight rows of piles. These were connected by os 
many pairs of binding pieces, between which were driven a donble 
row of sheet piles, the joints of one row covering the joints A") 
tho other. Between tho heads of the piles a foundation of briok 
was laid, which was brought up level with tho tops of the binding 
pieces. Between the several rows of sheet piling were laid cross' 
timbers, which extended throughout tho whole width of the 
foundations which were to be occupied by the sluice. Tho spooes 
betwoeon the timbers wore filled in with masonry, and 'the whole 
brought to a level. A floor of oak plank was then laid over, 
pinned, and securely oanlked at tho joints. Other crosp timbers 
were laid on this floor, and altogether an nnneoessary quantity 
of wood seems to have been employed. The water for sluicing 
was allowed to flow out through aqueducts left ai''ihe masonry 
of the Bide-wuUs. ^Hmse wore 3 feet tride internally, and arehed 
with stone, being lined ^ronghont with hard atone to^waist the 
frietion of the water when rushing out. The aqueducts uraie 


440 


THE lEOHNIOAL EDUOASTOB. 


otoaed jnddlM S feet 6 inoliea wide, workmg in iron groorea to tide aeonzel;, bnt it mnet li«ve good anohorage. I^ie satoral 
introdooed into the maaonry. The paddles, whioh had to ana- oharaoter of the ground may form a^nffioiently good hold for 
ta^ a oonaiderable preasure of water, were raised and lowered ships' anchors, in whioh case it may not be neoessary to lay 
hy meaaa of a not twed by lerers whioh threaded npon a Borew down moorings for ordinary purposoe. But to facilitate the 
out in the iron rod attached to them. ‘ depaitnre or moTement of vessels, bnoyed moorings arc extremely 

Tbe port of Cherbourg is another instance ctf a harbour whoso valuable. Snoh a mooring consists usually of a screw forced 
depth is maintained to 18 feet by successful sluicing. The river' into the ground, having a moving or swivel head, as shown in 
'Tvettes is'let into the inner harbour by the opening of the gates Fig. 37. 

of a Luqre sluice, and the aoonmnlated mud is ploughed up and The harder the ground into which the screw has to be farced, 
carried out to sea. the heavier and stronger the screw is required to be. A sotew 

It is by no means neoessaiy that a natural supply of water for weighing 9 cwt. will form an effioimit mooring. For a mooring. 
alnioing purpoees should exist. When such is the case, it be- chain inch diameter, Ihe diameter of the diso or screw should 
oomes of oonrse ihe mote economical; but frequently thero bo 4 feet, and the weight about 11 cwt. Thecharaoter of h screw 
exists not even a small stream whose water can be rendered for mooring purposes varies according to the opinion of the engi- 
available by aoonmnlation. At Boulogne the small stream, the neer; some prefer a broad cluio wiib few toms, whilst othm 
Idsnne, whioh would be entirely inadequate in its natural con- consider a grreater number of turns and a narrower diso ptefer- 
dition to keep the harbour dean, is allowed to flow into a large able. The value of screws for holding purposes is very great, 
basin whose levd is considerably above the water of the harbour In 1851 an experiment was tried on the G^win Sands with a 
at low tide, and there it aoonm^tes during the period from one hollow pile eix inches diameter, fitted with a screw at the lower 
tide to another, and thus acquires a volume and force of dis- extremity. This was screwed down with oaso to a depth of 
ohatge amply enffident for Boonxing pnrposoB. more than fifty feet, passing through a fine, compact sand. 

In other oases, as at Tr5port and at Bomsgate, the water fur They have boon employed in a variety of ways with great 
Boonring is obtained directly and exolusivoly from the succoss, some of which wo shall have occasion to refer 

sea. An artifioial basin is formed, commnnicating by to again more minutely. 

gates with the harbonr. The rising tide opens these f P*’" mooring purposes 

gates and fills the basin to its own level; the gates close ^ fitted, as we havr said, with a swivel. To this is 

as the tide reeedos by the enpmor weight of water ^ ^ attached one end of aebain, the othe/end being Tostened 

upon the inside, and are retained thqre until the n ^ fixed to a bnoy, and liaving sufficient 

tide has fallen sufficiently low, when the sluioe-gates |_I length to reach U .».o surface of the water at the 

are opened and the seonr follows. This is one of uofti I highest point of tho tide, with a small amount of alack 

the most effident methods for keeping a tidal harbour j to spare. Tho buoy must havo sufficiont power of 

free of ibe deposits whioh tend to form therein. j flotation to support easily tho weight of tho chain. 

Another method, less effident and more expensive, M Attanhod to tho upper side of tho buoy is a largo 

beoause the cost is oontinnons, is by dredging. This , , ring, and to this tho cables of vessels requiring to bo 

system is adopted in very many localities, and amongst j m moored aro fastened. By this arrangement tho vossol 

them at HnlL The watem of the Humber flow over It. il Jil is very readily released, although whilst so attached 

vast mnd-hanks, and contain earthy matter in snspen- more securely fastened than if it were riding 

aion in immense quantities. This is deposited to a | at its own anchor, lii rivers greatly frequented by 

very great extent in tho dooks, it being calculated shipping, as tho Thames, it becomes necessary to lay 

to amonnt annually to 86,000 tons in tbo Hnmbcr .i f down the buoys for tho use of vessels in such positions 

Hook alone, which oontoins an area of a Uttlo more ijj | as that the channel shall bo kept free for passing 

than 7 acres, being 914 foot long, and 342 foot broad. ■ * " " — ships. In order to render snch bnojn of use, it is 

The dred^ may bo generally described as an iron uocessary to compel vessels to employ thorn, 

bnoket with a sharp-edgod, brood, projecting lip, tho There are other accessories which aro nooossory to 

bucket being perforated at the bottom and for some lar--., render a liarbour useful to shipping. There should 

extent up the sides to allow tho water to flow out. M' exist stores of all such materials as may bo required 

The bnoket is lowored to the bottom, and drawn along y for refitting disabled vessels—os, for instance, of soUs, 

the soil eidoways, and is then brought to the enrfaoe cordage, spurs, anchors, and so on; olso provisions and 

filled with mud; the water wh^ comes up with it .p. fresh water, and tho n "ans for readily gaining access to 

flows away throogh the perforations. The mud which ^ tliese stores. With re.,poet to jetties, piers, wharves, 

Temains behind is then disohsfged into a lighter. etc., wo hare already directed attention to them. 

The steam-dredging machine is an arrangement for carrying out | The subjects treated of in these papers do not include mili- 
the ptinaiple upon an enlarged and improved scale. It consists | tary engineering matters, and it is therefore not onr intention 
of a series of buokota similar to those already desoribed, fixed at ' to enlarge upon tho desirability of protecting tho approaffiics to 
intervals upon the outer side of an endleea chain consisting of ' a harbonr from tho possible attacks of an enemy. It is natnrol 
long iron links, the chain passing over a square tnmbler worked ; to infer that in time of war tbo cruisera of an enemy w^l direct 
by eteam-power. The bnokets descend into tho water npon one | their attention to those points of coast in which their op- 
side of the ohain, and touch tiio bottom month foremost, scoop- i pouents' vessols would be collected, and hence snoh points 
ing up a quantity of mud, and rising upon the other side of the require special defences. A very few gnus of large calibre 
ohain full of soil, which falls oni of the bnokets as they pass advantagoonsly posted will prove of immense benefit in pro- 
over ^e tunblor, and is cangbt by a lighter moored below. The tectiug the vessels which have sought refuge within the bar- 
m a ch i n e employed in the Humbw Hook is plaoed on a flat- hour; bnt a more effioiont plan is to alter the bearings by 
bottomed veeeel whioh draws 5 feet of water. It is worked by which safe aocess is gained to tho harbonr, and thus to throw 
#S stoam-engine of fi-horso power. By means of a boU-cronk the enemy’s ships npon rooks. This system, however, has its 
motion is given to cog-wheels. On Ihe axis of the nppor one is disadvantages, inaamnoh as friendly ships may meet with tho 
the square tumbler, with a oorresponding one at the lower end ’ disaster intended for the enemy. Probably the most efficient 
of the badmt-fnune. There are twenty-nine iron buckets on plan for the military protection of a harbonr ia by the modem 
ihe ohain, and Hie exact depth to whioh they descend is regu- appliance of torpedoes. These most destmotivo implements of 
lated by a crab and tabkling, from which '^e lower tnmbler- war, ageinst whose power the strongest iron-olad is as helpless 
wheel depends. Abmt tom for^-five to sixty tons of mad can as the emalleBt boat, can be employed at will ^(aliiet any pox- 
beroiied per hour { this is depositedin flat-bottomed mud-boats tioular vessel it is desired to operate upon, by meaos of elec- 
drawing^ feet of water, and cajiable of conying forty tons of | trioity, the witee conveying tho current being laid under water 
mud. Care must be taken to oonvey away the mud whiob has I to the shore, where they are plaoed under the oharge. of an 
been dredged to a anffioient distsnoe out to sea, in order that | operator, who by the simple preasuro oi a Imy oompletoa the 
'^e aoHon of the tide shell not bring it bach to the harbour. oiranit by whioh the torpedo ift instanteneonsly exploded. 

In order that a harboim may be, of nse to the shipping fire-' Our next ohapter will take up the snbjeot of lighthouses, 
it requires not entytobe sheltered tom theviolenoe j those most indiqiensable adjonots to the. entnaoes to hazbonrs, 
of ih* Mh Md to posaesa a suffioisni depth ot water for veasels i arid all exposed points of a oeast. 
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MINING AND QUARRYING.—XX. 

BT OXOBOX aLADStOmS, V.O.B. 

COPPEB (continued). 

SMEITIHO —TMCAMTZ Or WOBXS—BWANSBA FBOCXBS — 
JIOSmCATIOSB—PBXCIPITBTXD COF7KB—POBXION Pt.ANS 
—CHILIAN BXaiTLHS. 

SwANBKA Bad ita immediate neighboxirhood, Uanolly, Neath, and 
Pembrey, ia the great oentre of the oopper-emelters. There are 
also some works at St. Helen’s in Lanoashiro; and copper forms 
a snbsidiaiT' product of those vitriol works at Newcastle and 
elsewhere, in which pyrites ore used os the sourco of sulphur. 
Nefoienoe to these will be found in “ (Ihemistry applied to the 
Arts,” Article XI. 

Not only are one^half of the markets of the world supplied 
with their copper from Swansea, but the ores arc sent there 


rabbles which are inserted throagh the working doors, x,x, so that 
all of it may bo brought equally under the inflnenee <k the fire. 
The flues, c, are at the opposite end of the fomaoe. When 
the oaloination is complete, the ooveringa to the ppenings, B, b, 
leading to the vaulted chamber, D, below, whi^ are iimne> 
diately inside the working doors, are removed, and the ore ia 
raked through. The fuel used ia coal, and the dranghtis sotegu* 
leted through the furnace-bars, and by the air-passage, that tte 
flame shell extend over the whole inside area. Zt is ^most 
Buporfluons to say that in this and all subsequent operations 
the fuel should be as free from sulphur as possible, the prinoipsl 
object of the calcination being to drive off that element. 
nine to twelve hours arc necessary in this case, the time being 
somewhat dependent upon the character of the ore. During 
this process about one-half of the sulphur will have been ex* 
polled, and the copper thus set free will have been oonverted 



from every quarter of the globe 
to be smelted. Except, thoro- 
fore, when mention is made to 
the contrary, the praotiooa 
about to be described may bo 
understood to bo those adoi>tod 
in South Wales. 

The ores have to be sub¬ 
jected to at least six oimra- 
tions i%order to convert them 
into good copper; but some- 
tunes as many as ten are ne¬ 
cessary, when ores of a peculiar 
^araoter, or very low per-oentage, are smelted by themselves. 
■In the lai^e works it is customary to buy a number of different 
paroels of ore ; low sulphides, some containing a large propoiv 
tion of iron, and others much quartz or earthy matter, oxides 
and oarbonates, and regulus, which ia roasted ore, often con- 
^^bung 50 per cent, of metal. By a judieious admixture of these 
^erent desoriptionB, the nnmlmr of operations, and therefore 
me cost of the raduotion, is reduced to a iniuimam. How this 
18 aceomplishcd will be seen presently. 

The fiwt step is to oaldne the ores for the purpose of driving 
^a portion of the sulphur with which they are oombined. As 
^ great bulk of ores oonsist of sulphides, this preliminary 
opemtion is always neoessary; espeoiaUy as the riobei ores, swfli 
M the oarbonates, are mostly reserved for use at a later stage. 

oahsnation is petformgd in a reverSeratory furnace, the 
^dmsm form of whioh is shown in the accompanying diagrame, 
■Vm. 1 anfl..ii representing the ground-plan and section. The 
is allowed to fall from the hoppers, a, a, upon the sole of 
^ fnmeoe, where it is subjected to a aouBiderable temperature, 
®»not eoffloieat to make the ore dot together; it ie kept 
■“w*® *1 interfxls by the fnmaoe-men, udio are provided with 


Fig. 1. 


iutoanoxide; while the greater 
part of the arsenic which the 
crude ores may have contained 
will have boon volatilised. 

The principal object of the 
second operation is to separate 
the earthy matter and the iron, 
and to effect this the calcined 
ore is again heated in a rover* 
beratory fumaoe of a some* 
what different form, and at a 
higher temperature than be¬ 
fore. The usual shape ia 
shown in Fig. 3. The solo inclines downwards towards the 
pipe A, whioh leads to the tank B. The wortung door ia at 
c, and D is the chimney. The charge, which consists of some 
fusible cupreous slag from some subsequent operations, in 
addition to the calcined oro, is passed in through a hopper, as 
in the former case, and ia there left for three or four hours, the 
pipe A and the working door being both kept dosed all the 
time. chargo soon molts, and the iron enters into earn* 
bination with the flux, forming a silicate of that metal; daring this 
transformation, the sulphur liberated from the iron is oonvertod 
into snlphnrous acid, wluoh, in its efforts to escape, keeps the 
molten moss siiffioiently agitated. Sometimes fluor-spar is added 
to the flux, which fai^tatos the fusion, and aids also in dia* 
ohorging any arsenio whioh may remain from the first oaloinatioii. 
The heat is then got up still higher, and presently the Ap-hole 
is opened, and the fua^ matt whioh has collected in the lower 
part of the hearth opposite A, is drawn off through the pipe into 
the cistern. The viscid slag which overlies it ia then drawn 
out with a rake through the working door, O, and ie allowed to 
collect in the four reoeptaolea, x, x, b, x; tto two oentMrihpnea 
are first filled, oxd the other two only t^e the overflow; tha 
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^ oOoieqaeaM of tiiia is, thof) almoBt all the metal erhioh hae xe* 
wiainea mixed with the elaff (being of greater epeoifio gravity 
than tibe rest) sinks to the bottom of the two central compart- 
meats, while the others contain so UtHe as to be rarely worth 
reodvering. When the contents are cold, the sooriai are broken 
to pleeos, and those portions which are worth molting again are 
added to the next charge. The tank b contains cold water, 
and the hot matt or rognlus on falling into it becomes grannlated 
BO as to be ready for the next ojieration. It is now termed 
“ coarse metal.” It oonsista of a mixture of copper and iron, 
both in the state of enlphide, with little or no earthy matter, 
the latter having been entirely removed along with the oxygen 
and a port of the iron in making the silioate. A fair average 
eample will contain about 33 per oont. of copper, a similar pro¬ 
portion of iron, and abont 30 per cent, of sulphur. 

The next two steps of the process bear a great iifesomblanoe 
to those already described. The coarse moW is calcined in a 
furnace similar to the first, fur the puri)oso of expelling moro 
of the Botohar and reproducing the oxide; the 30 per cent, 
of sulphur being then reduced to abont 17 per cent., and the 
loss replaced by so much oxygon. This product is then fused 
again to separate the iron, and leave as pure a sulphide as 
posidble. liie result of this is “blue metal,’' as it is called, 
oonabtlng usually of about 57 per cent, of copper, 16 of iron, 
and 23 of sulphur. If, from any cause, such as the poverty or 
special ohoraoter of the ores dealt with, or any faults in tho 
mannfootnre, such a metal shonld not bo attained at this stage, 
the processes already described are repeated until a satisfactory 
result shall have been arrived at; this will involve an addition 
of either two or four operations. On the other hand, if a large 
proportion of the red oxide or carbonato of copper is added to 
the oalomod aoorso metal before being melted again, a superior 
prodnet will be obtained, called tor distinction “ white metal,” 
wbioih win contain soarooly any iron, and will almost equal a 
pore disulpbido of copper. 

We then come to what sliaU be termed the fifth stage—^though 
in praetiae it may bo the seventh or ninth—the making of 
*'bliat« copper,” The objoot of this operation is the expulsion 
of all the iron and sulphnr remaining in the blue metal The 
fnmooe is only raised to a moderate heat at first, and tho air- 
passages ore loft open so that there may be a suffioiont supply 

oxygon to effect the decomposition of tho snlphi^ and the 
formation of snlphurons acid. So long os this is bHng formed, 
tho whole the contents of tho fumaoo ore kept in a sufiknent 
■tate of agitation to render rabbling nnnoceasary; but as soon as 
this part of the reaotiun is complete, tho doors must be closed, 
and the fnrnaoe brought up to a higher temperature and kept at 
its full heat for about twenty-four hours. Tlie remaining port 
of the anlphur is thus expelled, and the oxides which have been 
formed during the previous part of the roasting are opi^vftted 
into silicatM, which separate from the metal as a slag. The 
latter is then skimmed off, and the copper is allowed to run 
through the tap-hole into moulds, ^o blister oopper thns 
obtsined shonld oontoin from 93 to 96 per oont. of pure metal, 
the principal other ingredient being oxygen. The slag which 
has been separated from it will be found to oontaip a good deal 
of oxide of oopper, whioh is recovered in some of tho earlier 
operationB. 

Only one moro process is now required to oonvort the blister 
oopper into an article fit for the market. This is the refining. 
A large reverberatory furnace of the (»dinaiy form is employed, 
well arranged for maintaining a high temperature, whioh is 
ahoxgad witt to ton tons of blister ooppw at a time. The 
“ heat to whioh it is raised causes the metal to melt imabont six 
honxii'and the temperature is still increased so that tab oxygen 
may beomna combined with the siUoa, and form soorua, wUob 
will doat npon the surfaoc. After an exposure to *kia intense 
heat tor' abont twenty honrs, the fumaoe-man rakes off the 
small q uan t i ty of soorite that is overlying the metal, and then 
draws h sample of the oopper in a ladle, which is tested as'soon 
aa cold, ftom the appearanoe of the fracture the refiner jndges 
hoW' tetbreat the oontenta of the furnaoe. Some oharooal or an- 
tbiaelte dost is thrown upon the surface of the molten metal to 
pranrent It from ahswlfing any oxygen from the air which passes 
' thioagh the fomaoe; and the remaindbr of that gas whioh may 
aW remain in combination ia dliipelled by poling, a bidet of 
giMaMtood bong emplcyed for the same purpose aa has already 
bewdesozibedia treatbug qf-^the refiidng of tin. Dating '^e 


poling a small sample of oopper ia withdrawn and tested from 
time to time, beoause the qui^ty is spoilt if it be overpoled, by 
the formation of a carbide of ooppmr. The right point having 
been arrived at, the pole is withdrawn, the soum whioh has 
aocnmnlatod on the saifaoe is skimmed off, and the metal is 
then lifted out in ladles lined with clay, and ponred into the 
ingot moulds to cool. The cooling prooess is expedited by 
inverting the moulds over a bath of cold water, and letting the 
ingot of copper fall in, as soon as it ia sufficiently soli^ed. 
The action of the water also imparts to the surface of the 
metsl a alight bloom, which is valued in some markets. 

Various proooasos faavo been invented at different times for 
simplifying those already described; but as a rule they hare 
not maintained their ground against the o^-establiahed plan. 

Tho principal novelty in ono of theso which was practised for 
some time, consisted in tho romoval of tho arsenic, tin, antimony, 
and other metallic iiiipuritios, by converting them into soluble 
salts by fusing tho oulcinod ores with the addition of some soda 
ash. Thu contents of tho furnaoe ore subsequently put into 
tanks of water, when tho foreign matters dissolve oht, leaving 
tho Bulpbido of copper in a finely-divided state, which is then 
ready for the second cidoination. 

Another modification depended upon tho conversion of the 
sulphide into a sulphate, which is readily soluble in water, so 
that the metallic salt could be dissolved out, leaving tho whole 
of tho earthy matter behind. From this solution tho oopper is 
cosily separated by tho agency of iron, thO latter taking the 
place of tho former, and becoming oonverted into a sulphate, 
while the copper is deposited in a motallio state. It is noocssory, 
however, to brush tho copper off tho sheets of iron from time to 
time, or tho deposit would soon become so 'thick as 'to chock any 
further action. The copper then only requires refining. Tho 
result is a very pure and highly maUeablo metal; but tho ne¬ 
cessity of grinding the ore in the first instance preparatory to 
converting it into a sulphate, and tho loss of iron in precipitating 
the oopper, havo prevented its adoption on a large scale. 

The greater affinity of the sulphuric acid for the iron over tho 
oopper, led to tho adoption of this reaction at the works of the 
G^t Forys Mine in Angleaea. The water from the dressing 
floors, as well aa that pumxmd up out of tho mine, became so 
highly ohargod with this oopper salt that it was found well 
worth while to carry it into large reservoirs for the purpose of 
precipitating the metal. Iron plates wero immersed in tho 
liqnid, and the copi)er deposited npon them was brushed off 
daily, until the iron was so far eaten away that fresh plates had 
to be substituted for tho old ones. 

In Germany, Sweden, Bussia, and France, where oxideB and 
oorbonates of oopper are more common, tho smelting prooess is 
often simpler, and blast-furnaces are frequently used instead of 
those made on the rovorberatory principle, which are alone 
adopted in England. As the foreign plans are not eqnaUy appli¬ 
cable to tho prevailing character of tho English ores, it will be 
unneoeasary to go into these in detail. 

In Chili, and some other foreign ports, the ore is llbry fre¬ 
quently converted into regulus on 'the spot, and sent in this 
condition to Swansea, to undergo the final operations. Tho 
carriage of a considerable per-oentage of useless gsngne is 
thereby saved, and the ships whioh bring the rognlus to this 
country take ont the coals whioh ore to be used in the reduction 
works at the mines. 


BUILDEKS’ QUANTITIES AND MEASUBE- 
MENTS.—IX. 

BT E. WTVOB4S ZABE, K.A. 

JOIfiTEBT AND ZBOKMONGEST. 
AIiTUOTTOh 'tiie joiner works in a similar material to that used 
by the carpenter, yet the character of his work is very different, 
requiring another class of tools, which tnnaii bo need with 
greater oare, and moro finish is put npon 'tho material. And 
whereas the oarpeuter’s work is mostly exeonted out of doors, 
that of the jedner is always done in a workshop or close shed, 
so as to bo unaffected by weather or change of temperature. _ 
The wbrk of 'the joiner eonsi^ in the framing and hang^ 
of doors, shatters, and sashes, laying, floor boaxda oa the jois^ 
fixed by the earpenter, framing and flxii^ woodsh staira, hand 
xaila, and brinstanii putting tkfrtings and dados konnd the 
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xooma, frMBiiqr fixmg wainsooting or* otiier fiamed work, 
uid all tile internal fittings and decorations wbieh liare to bo 
mode of doed, oak, mahogany, or any other wood. 

The joiner has also to fix the ironmongery) os locks, hinges, 
bolts,' knobs, soreirk, latches, etc., upon his work, and for this 
reason the ironmonger is always taken with the joiner in mea¬ 
suring, the several articles of that trade being numbered as each 
part of the joiner's work is measured, and afterwords brought* 
into bill at the end of the joiner’s bill os “ ironmongery andfixing,” 

It is usual in measuring joiners’ work to consider that the 
materials and labour are token together and charged at one 
piioe; but there are cases when the materials are found by one 
person and the labour by another, in which case the work is 
taken as “labour only and fixing,” or os “laliour, noils, and 
fixing,” which latter includes glue, nails, and everything except 
the row material. In measuring joiners’ work no itllowanco is 
mode for tenons, the superficial area of any framing being 
exactly measured, and its character and thickness deacribod 
fnlly. If the work is less than 4.j inches wide, it is usnal to take 
it by running measure, describing thiekuuss, width, and labour 
upon it; Small or ornamental works, tliat cannot be measured, 
ore numbered and described. 

In measuring the floor of a rectangular room, take the exact 
superficial area, adding tbo urea of all rocesscs or irregular 
pieces. If the sides of a renoss are on the splay, the area of the 
piooo of flooring must bo taken by its greatest length, as if 
reotangular, or 'She nett mca.surcment may bo taken, and the 
splays measured, their length by a width of 3 inches for an addi- 
'tinn to the superficial moasuremont, or else as run of cutting to 
splay. If tho room is not rectangular, a proper allowance must 
be made in taking tbo dimensions, and all cuttings measored os 
above described. The space occupied by the hearths of fire¬ 
places is not generally deducted from tho measurement of the 
floor, nnloas there is a mitred border round the .hearth, in which 
case deduct tho area of tho hearth, and measure the mitred 
border by the foot run as extra. 

The material, thickness, and mode of constmetion of tho floor 
must bo described, whether deals, buttons, or wainscot, the 
thioknMs as j} inch, or “ three-cut,” 1 inch or “ two-out,” 
1 j inch, etc.; whether folding, straight-joint, 'wi'th splayed or 
tonguod headings, do welled or 'tongn^. 

In measuring skirtings and dados first take the mn of tho 
skirtiDg for thb “ gronnds,” describing tlie thickness and width, 
and if plugged to ivall. Then take tho length of the skirting, 
allowing for the angles, by the widtli, as superficial measure; 
describe the thickness, width, character of moulding, with 
backings, whether straight, raking romped, or circular; if 
scribed to stone steps, plugged, rebated to form double plinth, 
writhed, or otherwise. Number all mitred or tonguod angles, 
housings, oto. 

Whore deal, oak, or any other wood is used in ■joiners’ work 
of uniform thiokness throughout, it.s superficial area is taken, 
tho thicknoBs stated, and tho workmanship described, as wrought 
on one or both sides, framed or clamped, matched and beaded, 
dovetailed or keyed, ploughed and tonguod, staff-beaded, lodged, 
etc. If tbe ends are mortioe-ciamped, toko their mn, and 
number any mitres. All bearers, fillets, slips, etc., are taken by 
the foot run, desoribing their dimensions, and if ebamferud, 
beaded, gsooved, rebated, etc. 

Framed partitions formed into panels ore measured nett by 
tiio snperfioial foot, dosoribing tho thickness, and whether sqnate 
framed, moulded and square, that is, with a moulding planted on 
one side only of each panel, boad-butt apd square, bead-flush 
snd square, moulded or beaded on both sides. Spandril framing 
^vmg a raidng top-rail, is msasurod nett and described as snob ; 
if (nrcnlar or ourv^ on plan, describe tho sweep of tho curve. 

^ doors are measured by the suporficial foot, taking the nett 
fisigfat and -width; folding doors must have tho rebate on each 
Isaf measured in taking the width, state the thieknoss, and 
dMoribe whether ledged ot braced, giving the size of the ledges 
■Ad bmoes, and if wrought, tongued, or beaded; if panelled, 
whether pliun “ square,'* that is, without mouldings -to the 
psA&, moulded on one side and square on tho other, bead-finqh 
or bead-butt and sqnsiro, moulded both aides, moulded and bead- 
fakh, or otherwise. If the moulding projocts be^nd tho face 
w tiie xadlla, deaetibe as boleotion m^ded. State the number 
nf. liMiali in nuA door. All hinges, bolts, locks, knobs, fumi- 
to be ntuooered and put under the head of ironmongery. 
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In giving the thickness of dooiS or other framing it is usual toj 
state the thiakness of the rough wood out of which the styles and 
reals have becn got, and not the finished thickness; thus a 2-ino£ 
door really finishes little more than IJ inches. 

The linings to which inside doors are bang are rntmured 
superfioial, taking tho nett length as seen in the opening, and 
adding thereto four thicknesses of tho linings, by the nett width. 
Describe the thickness, whether single or double rebated, beaded 
on one or both sides, framed in panels, and if circular. Tho 
grounds on the outside of the door linings ore token by the foot 
superficial, their nett length round tho outer edge, adding twice 
the width thereto, by tho width; state thickness, and whether 
beaded or otherwise worked; tho labour in this case will bo only 
on ono side, the back being left rougli. The architrave mould¬ 
ings round the grounds ore taken by tho foot nun, meaenred 
round the outer edge, and adding twice the width -to the running 
dimension; describe the thickness and width. If there is a 
moulded cornice over the door, take its girt by its length aa 
superficial measure, adding extra measure for the luitrcs. . 

In measuring nutside or entrance doors the frames, if solid, 
double rebated and beaded, are taken as “ cube proper doorcase,” 
as desoribed under “Carpenter;” the fanlight is measured 
separately by the foot superficial, describing its thickness and 
the character of its mouldings, and if circular or square headed. 
If the doors have circular or curved heads, measure the straight 
part in the usual way, and take the circular part as if square, 
describing it as circular. 

S,a8h doors, having the upper panels prepared for glass, are 
measured in tho same way as other doors, and stating whether 
with diminished styles, lii measuring doors that ore oircnlar on 
plan, either the nett measure can be taken and described as cir¬ 
cular on plan, or an allowance can bo made in taking tho width 
of ono and a half for a flat sweep of ^ inch to tho foot, double 
for a quick sweep of ^ inch -to a foot, two and a half if a sharper 
sweep than the last; they can then be classed as straight doors. 
Also in measuring oircular-hcaded doors, if the circular part be 
taken three 'times, or four times for elliptical or gothic, the 
suporficial measurement can be added to that of the square- 
headed doors of similar character. 

Wooden gat(‘8 are measured by the foot superficial, describing 
thickness and construction, whether open bars, cross bars, 
chamfered, panelled, etc.; number mul describe all the iron-work 
thereto. 

Closet fronts ore measured by the foot superficial, dednctiiig 
tho opening for the doors, and measuring them separately. U 
curved on plan to a flat sweep of ^ inch rise to the foot, add 
one-third -to tbo width in measuring; if a sweep of 4 inch rise to- 
the foot, add one half, and then they can be taken as if straight; 
or else take their net moosaro, the height by tho gfirt, and 
desaribo the sweep. The closet toiis and shelves ore mwsured. 
seijaratcly by the foot superficial, the architrave moulding, 
fillets, and pm-rails being taken by tho foot run, numbering 'the 
pins. Narrow deal or mahogany skirting round the top of 
dwarf closets is taken by -the foot run, numbering any dovetail 
angles. 

Shop front and counter enolosnres are measured by -Uie super¬ 
ficial foot, taking circular parts in tho way described above for 
closet fronts. Friezes and cradling to shop fronts are taken 
by the foot suporficial, describing the cradling whether with 
ploughed and tonguod blockings, and the frieze as keyed, featlior- 
tongued joints, etc.; circular work being measured as above 
described. 

Sliding sashes are usually measured by the foot suporficia’^ 
inolnding the cosed frames, oak sills, lines, pulleys, weights, etc. 
Take the height from the under side of the siU to the top of the 
head, and tho -width in the clear opening with 9 inches added 
on. Dcsoribo the thickness of the sashes, whether single or 
doable hung, the character of their monidings, tho sort of 
pulleys, lines, and weights used in hanging them; whether with 
oak sill, single or double sunk, weathered or tliroated; and 
stato any poouliarities in the form of tho window. Nimbor the 
sash fastenings. If the sashes are curved on plau*to a flat 
Bwoep of i inch rise to the foot, measure the girt ono and a half 
times, and multiply by tbe height as before; they eau then bo 
placed amon(c tbe straight windows; if the sweep is I inch rise 
to the foot, take double tho girt by the hei^t; or th e nett 
meoBurementB eaa be given and the sweep desoribed^Ste items 
in that ease being kept separate from the straight. 
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. Cuau^ta bnBg to solid rebated ftamea are measured in the 
V same muner as sliding sashes, inolnding the whole of the frame 
in llie Kiperfiaial measnrement, and deseribing the sUls, frames, 
and easements. If eirenlar on plan allow as before, or else take 
nett girt and describe. The frames may also be taken separately, 
and onl^ as solid frames, Ike aasements only being measnred 
aoperfioifil. 

Skylights are measured snperficiel, taking the length by the 
width, and desoiibing as otoIo, chamfer bar, astragal, etc., and 
whether reotangmlar or irregular on plan. If hipped, take the 
run of the hips as extra upon the superficial measurement. 
Curbs in two thioknesses to oironlar or elliptical skylights are 
taken by the foot run. 

Venetian frames and sashes, with solid or cased muUions, are 
taken separately from ordinary sashes, but measured in the 
same way. 

In SMasuring window backs and elbows, take the height from 
the fioor.to the under side of the beaded capping by the length, 
allowing for the passiners at the angles, and the capping by the 
foot'run. Number the oafw of the elbows. Tho soffits are taken 
by iheix anperfioiol area, but if the ends are splayed, measure 
fte greatest length by tho width. If tho work is cironlor, take 
the girt one and a half times for a flat sweep, and double for a 
ffuiek curve i it con then bo abstracted with the straight work; 
bat if measured nett it must be abstracted separately. 

Grounds round windows are measured by the superficial foot, 
the length being taken round the outer edge, the thiokneas and 
labour thereon being described. Arobitrave monldinga are 
taken by the foot run when less than inches in girt,' all 
mitrea bdng numbered. Largo mouldings by the foot super* 
fleiBl, the length by the girt. 

Folding shutters are measured the same way os folding doors, 
allowing for tho rebates; the back>flape ore measured separately 
it there is leas work upon them. Desoribe the thioknoss and 
number of panels in height, and how finished; number cuttings 
f<W lAutter bars, as well as all ironmongery. 'When the shutters 
fit into boxings, measure the boxings and back-linings by the 
-foot Buperfioial, stating the tbioknesa, and whether they are 
rebated, beaded, or on splay, and if the back-hninga are plain 
«r framed. Number tho soffits and boxings and also tho elbow 
.caps. 

Sliding shutters, hung with cords and balance-weights, are 
measured by the suporflcial foot, stating thiokneas and describing 
the number of tho panels and the labour upon them, lines, 
pulleys, and weights. Bun tho grooves and the flap for obveriug 
the top of the shutters when lot down. 

Outside folding shutters are measured same as those for the 
inside, the hanging stylo being taken by the foot run, or olse 
measured in with the area of the shutters. 

In measuring coiled shutters, whether of wood, iron, or 
the superficial area is taken, with an aUowanoo of 2 inohea in 
width, and from 9 to 12 inehes in the height; this is for shutters 
coiled at top or bottom. If coiled horizontally, allow 6 inches in 
height, and 9 inches in length. 

In measuring tho fittings of the water-closet, take the su- 
perfioial of the seat and riser, deseribing tho mode of fixing 
and thio’knesB, number the dished hole, beaded hand-hble, and 
all rounded corners. Bun the moulded nosing to seat. Take 
the area of the flap and frame, describing the thickness and 
labour thereon. Bun the skirting ronnd seat if narrow, num¬ 
bering the mitres. Angle shelves, boxes, etc., in oomer of 
water-olosets, can bo numbered. 

'Woodmi stairoases are meaanrod by the foot snperfioial, taking 
Ae girt of treads and risers to tho ^ors by tbe extreme length 
of the tread; doacribo the material, tMoknosB of treads and 
riseia, whether glnod, blooked, and bracketed, tbe number and 
Boautling at Ihe oarriages, and if with returned moulded nosing 
to the beads, if cut and mitred to string, boused to string, eto. 
The enrtail or other kind of end to bottom stop to be token 
aapaiatoly. Xftberaore winders, measure tbe nett area of treads 
and riaers, indudiBg the nosings ; grooving and tongueing by 
the foot inn. Number Ike housings, the eiroular ends of 
noa^gs, oironlar but hraoketa, eto. Number the dotetaaled 
■ fakings for balusters. Take the run at each balnater, deseribing 
toeir thtokneas and warkmanah^. Iron balustera and newela 
to be telmn eepi^atoly in tibe aeae wi^. HandraJla are mmk- 
cured'l^pfibe toot run along the middle, the parts that am eir- 
ealmi; nppet^ or wreatixed, being aieaeiized aepaiatoly froipthe 


straight. Take the fun of sinking for iron core, the number of 
the handrail aotews, toe number of sotoU or otooc ends, moulded 
caps, Botew nut and joint, eto. 

The strings into whiob the treads and risers are framed, as 
desoribed in Ariiole XIX. on "Building Construction,’* are 
measured by toe Buperfioial foot, taking toe length out and'out 
by the width, describing their thickness, if framed, rebated, 
•beaded, sunk, or moulded, out and mitred to risen, wreathed or 
oironlar. Tbe measurement of ramps and wreaths is to be kept 
separate from toe straight work. All tongned angles, housings, 
splayed ends, etc., are to be numbered. Cuttings and ramps to 
waU-strings are token by toe foot run, deaoribing whether plain, 
eiroular, moulded, rebated, or reeded. 

Apron linings, fosoias, eto., are to be measured by the supet- 
fioial foot. 

Beaded or square angle-staff plugged to external angles of 
rooms is measured by toe foot run. 

Take the run of narrow window bottoms or nosings, number- 
ing tbe rounded or returned ends. Number all rounded ends to 
shelves, notohings, or other small cuttings. 

The sashes of shop-fronts oan be token by the foot Buperfioial 
when toe squares are of moderate size and all of wood, the 
circular parts being measured separately. But when there are 
few or no intermodiato bars, or if brass sash bars are used, they 
Blipnld be taken by the foot run, describing the size of each bar 
and its design. Angle-bars, be^ed stops, guard or angle beads, 
are taken by toe foot run when the sash is meabured superficial. 

Klasters and columns, when imitated in wood, are measnred 
by tho superficial foot, the height by the girt, stating the 
diameter of toe oolumus, and whether straight, diminish^, or 
curved. Tbe oaps and bases are numbered. Grooves and 
flatings are taken by the foot run, describing the diameter and 
form of section; tho stopped or tamed ends to fluting are num¬ 
bered. 

In abstracting the joiners’ work all tho various thioknesses 
must bo kept in separate oolumns under heads of " rough,” 
" wrought one side,” “ wrought two sides.” 'Work that is 
measured by the oqnaro has a separate column from that which 
is taken by toe foot. Shutters, doors, sashes, and frames, mould- 
ings, runs, and numbers will all have distinct oolumns. 

In abstracting the ironmongery, form separate oohunna for 
hinges, bolts, screws, door springs, looks, knobs, fastenings, eto. 
keeping the different sized hinges, locks, bolts, etc., eoparato one 
from the other. Tho hinges are always taken in pairs, except 
swing centres or spring bingos, which may be token singly. In 
numbering too looks a fall description of the and quality 
must bo given, together with the ktod of furniture belonging to 
them. Small artioles, as mahogany knobs, brass hooks, shutter 
lifts, ore token by toe dozen. Shatter bars are valued by too 
inoh in length; espagnolotto bolts for French oasements ore 
taken by toe foot, describing toe diameter of toe rod; but if 
nnder 5 feet they musiybe takou as 5 feet long. 


BANITAKY ENGINEERING.—XVH. 

DBAIKAOB AND 'WATEB-SUPPLY. 

KAMITFACTCBE AMD ASBAMOBinSKT OF FIFES. 

In two preceding papers we have been dealing with (he broad 
question of wator-supply for ooontry distriots and metropolitan 
neighbourhoods; and we now go one step farther in detail to 
consider toe manafaetare of the pipes, with whioh; when the 
water is laid on to the house, itis carried to too various quarters 
required. In all high-olaBB work toeSo are almost invariably of 
lea>d, manufoctnred for toe most port os nnder. We give 
a deeoription of wbat is probably one of toe most pow^ol 
moebines now in work at a large well-known foctoiy in South¬ 
wark. The power is that of on hydraulic press, and toe one in 
question was epeoially mode and ootually used in fixing toe tubes 
of toe Britannia Bridge over toe Uenai Stzaita. Above is fixed 
the veaeel that reoeivea toe charge of from two to four owt. of 
lead in a aemi-flnid state, euppU^ftom a copper oonneoted close 
by. lyben toe charge lain toe receiver, toe plunger of toe press 
podnelly rises and preesee the lead tluongb » mandril qt the 
bottom ^ toe zeeaiver, from which it Iseues os one oontinnoua 
pipe, toe riae and weight of which is varied at will by tWaae of 
different mandrils. U will be aeaa at oiue what on immenee 
length of ordinaiy pve is obtainable witomit j(^ by Ibis 
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prooefM. In piaotioe, howerer, it if nsnal to oat iko pipe off in 
lengths of si^ feet, for oonvenieiiae of ftowoge and transport. 

The aotion of some kinds of water npon lead pipes is very 
destmotive, and the oases of lead poisoning that we hear of arise 
from tibis oause. As a general ^e hard water is mnoh less 
destmetiTe than soft, as the oaloareoos or similar natter with 
which the water: is charged stops corrosion at a certain point, 
by fbrmlng an insoluble coating, which pierents farther decay; 
whOe the soft water dissolTes and washes away coat after coat, 
which it holds in solotion with the worst effect, especially if 
the water has been in contact with the lead for some consider¬ 
able time. 

When the water is of this natnre iron pipe properly protected 
from rust may be used, and we may mention, os the beat pre¬ 
paration ttat has come under onr notice, a eolation uiTented by 
Dr. Angus Smith. It is of a bituminaty natnre, and if applied 
when the pipe is thoroughly clean it is perfectly efficacious; as 
pipes thus treated hare been examined after fifteen years’ aso, 
and found as perfect as when first laid down. 

And hero wo may note the great advances that have been 
made of late years in the mannfaoture of iron piping, and re¬ 
commend its adoption with proper precautions in place of lead. 
Thirty years ago wronght-iron pipe of ordinary dimensions was 
not made, bat now it is a very extensive branch of manufac¬ 
ture, especially at Birmingham. It is manufactured by passing 
platm of iron at welding heat through rollers specially con¬ 
structed for the purpose, which at the same time produce a pipe 
perfectly tme, and form a sound longitudinal joint. Pipes thus 
manufaictarod may bo made to almost any required strength. It 
is not uncommon, when required for hot water or steam purposes, 
to have them tested up to 3,000 lb. pressure to the square inch. 
They are very much cheaper than lead, though not so easily fixed, 
for this reason, that the lead can be beaten cold to almost any 
required angle, and bent as necessary, whereas it is requisite for 
bending that iron pipe should be boated in a forge. Custom has 
much to do with the matter. Iron pipes are constantly used for 
the laying on of gas, and there is no practical reason why 
they should not be used in the same way fox water. Though it 
is very rarely done inside the house, outside iron is in almost 
universal use. The mains of the oompanios are all of iron; and 
if an engineer is called in to lay on the water tv. a mansion in 
course of erection, or to arrange a village or town supply, he 
invariably uses iron pipe throughout, until the interior of the 
house is reached, then the plumber stops in, and lead, a far 
more expensive material, replaces the iron tl^t bos done the 
work so for. 

An invention has been recently brought out, which provides 
effeotually against the corrosive aotion of soft water upon lead. 
By a patent recently taken out by a Mr. Haines, pipe is 
manufactured by a prooess somewhat similar to that above 
described for lead, in which that material is provided with an 
inner coating of tin. It is oalled “ Haines’ Patent Lead Encased 
Block Tin Pipe,” and the process of manufucturo is so perfect that 
it can be bent, handled, and manipulated with the same facility 
as lead, than which, however, it is oonsiderably stronger. It 
has been submitted to Dr. Letheby, Dr. Lankester, and other 
authorities of unquestioned weight, and has their distinct 
approval from a sanitary point of view; and we append the 
vesult of some experiments mode by Mr. Kirkaldy’s well-known 
testing apparatus on the question of strength. 

In theoourse of Jnlyof this year (1871) Haines’ half-inah pipe, 
weighing per yard 4'917 lb., burst with a pressure per inch of 
1,659 lb. Half-inoh common lead, weighing 7*130 lb., burst 
with 1,579 lb. Homes’ two-inoh, weight 16*400 ib., burst with 
643 lb. per inch. Two-indh common lead, weighing 27*967 lb., 
hunt with 498 lb. The pipe is mote expensive than ordinaay 
laad, bat its extra strength enableh us to nse a less weight 
of pipe in proportion, and thus its extraordinary hygienic 
odvantages are attain^le at no greater expense than that 
entailed by the use of the oommoner material. It should be 
home in also, that lead shonld never be used when hot 
Water is ui quesiaon; thereat of water approaching the boil- 
inf-point expande the pipe beyond ite power of eontraotion, 
distorHon is ihe inevitable result, and m oonrse of time, fraoture 
Uid CaQuie. U ny further argument were wanted to ehow the 
noffitntetive advantafe of iron over lead for ordinary water- 
the invoiiable use of iron pipes for all purposes connected 
wifli muttiinf by mter, of irUoh'we bare given full dek&i in 


some previous papers, may be taken as oonolnsive npon tiiUj 
point. 

A fruitful source of inoonvenienae arises when lead pipes ate 
laid under the pavement from the main to the front wall of tbo 
house, passing in many oases over the cellar under the street. 
In ease of any repairs or alteration, it is,a common aooident 


that a small hole should bo cut in the pipe with a sharp point of 
a labourer’s pick, the pipe being still underground, and man 
unoonsciouB of the mischief ho has done. The paving work being 
completed, the workmen leave, and the leak oontinues, and is only 
discovered when the whole of the earth above the osUor arch is 


saturated with water; and the brickwork of the arch baing in 
the same condition, the damp makes its appearance on the inside^ 
and leads to tho neoessary investigation. Cellars previously fit 
for tho storing of dry goods, once thoroughly saturated in this 
way, are not fit for use again for the some purpose for many 
months. 


hi laying on water where the intermittent system is in nse, as 
in the London districts, it is of great importance Ikattiiie service 
bo large enough to fill the cistern in a space of time oonsiderably 
less than tho hours daring which the water is on. Tho usual system 
is to have tho cistern provided with a ball-cook— i.e., a cook which 
is turned by on arm, at the end of which is an empty copper 
ball, which must bo air-tight; this is self-acting, for, os'^e water 
rises, it turns off tho tap and otoses the supply, any snrplas 
passing off through the waste-pipe or overflow. This pipe 
usually enters the cistern at the bottom, and shonld always be 
oonsiderably larger than tho supply or Borvice pipe, so that in 
case of any accident interfering with tbo action of the ball-oock 
the superflnons water may pass down the waste to the drain, in¬ 
stead of overflowing in the house. The usual course is to screw 
into a brass union at the bottom of the cistern what is nsnally 
called a “ trumpet waste,” of the exact height of the contained 
water the narrow end of this is screwed into tho bottom, and 
the upper end opens out in a trumpet form about three or more 
inches in diameter, to allow of a ready escape of overflow, water; 
when tho oistoru has to bo cleaned out this can be unsorewed 


and tho oistern emptied and thoroughly washed, the water in 
this case being drained from every port. 

Another oomuiun source of trouble and damage in water- 
supply is frost. In an unnsnally severe winter it is not un¬ 
common for half the houses in a street to have tho water frozen 


in the pipes ; the natural expansion that takes place when the 
water is frozen bursts the pi|ie, but the mischief is not apparent 
until the thaw comes, when of oaurse the house is deluged. This 
may be obviated in various ways, by a careful arrangement of 
the Bupply-pipos, so that no portion of them shall be exposed to 
tho external air, and that if passible they may for the greater 
pegtion of their course run up along tho side of a lluo in constant 
use.* Somotiuics an arrangement has been mode by which in 
cold weather a small gas-jot maintains a slight warmth at a 
certain part of tho pipe, which in this case must be iron. This 
affords a suffieieut protection to tho general supply, but is not 
usually done norgoncrally understood. In the course of laatwintcr 
one house in a street in a first-rate West-end neighbourhood thus 
provided wSs the only one that maintained its supply nnintor- 
rupted throughout winter. Hothing is more common in 
suburban districts than to see the supply-pipe outside running 
up to the cistern which forms a portion of thq roof of some bock 
building. When this is tho cose, failnre in case of frost is a 
certainty; and tho only method of protection from freezing, 
fracture, and subsoqnont flooding is, the moment the frost 
becomes sufficiently severe to threaten tho pipes, to have th.a 
water turned off at the main, and then empty (he pipes by letting 
all the water tun away from their lowest point; the suptdy will 
in any cose be stopped by ike frost, but by adopting this 
precaution all risk of consequent damage is avoided. In aU 
grouped buildings—such as the model-lodging houses, now 
^coming so numerous, and the sets of residential ohambots, 
every year coming into faahion-'-ahleBs some artifioiBl means of 
warmth ore adopted for protection, this course shonld ^variably 
be adopted. We may mention that at the inunonee groups of 
dhamhers in the Temple, some of ancient and some of modem 
oonstruotian, wheke tim water-supply is* of oonrse very various 
and eomplioated, this precaution ^ emplying the pipe in case 
of hard frost is invariably adopted with sneodsB. 

Having ihns dealt with eomo details of the manntaotoke and 
arrangement of pipee, we shall in onr next pi^er take ap 
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y^iome questions m to the maaufBotute and material of 

oisteme; and then proceed with some of the details of what we 
may iiall internal systems of plumb®*’ wwk, giviner partioolar 
attention to a point which does not usually xeoeiTO suifiment 
nrtioe—t.e., the ventilatiou of the pipes. 


CHEMISTRY OF THE FINE ARTS.—TL 

■ By FrofMs® CBiiacn, Roysl Agiionltaml College, Cirenoestar. 
raXeURVATIOK AND BESTOBATXON OF FAINTINOS i;^ Oil.— 
Olt PAINTINO—PAINTINO WITH WAX AND PABAFFINE. 
The method of silioious painting described in our last paper 
is that which has received the moat extended trial, and has led 
to the most successful rosnlts. Not only, howev®, does it 
admit of improvement, but it is quite possible that some oth® 
process of painting based, like it, upon the employment of a 
chemical product, may ultimately replace it. Already many 
BUggeetiong in this di^ction have been made. A mixture of 
potassium silicate and potassium aluminate in solutioii has the 
property of sjiontanoonsly solidifying after a time, and may be 
nsed with pigments to fix them on a prepared snrfaoo. The sili* 
pate is to be of specific gravity 1 '2, and the aluminate of specific 
geavity 1T2. A solution of phosphoric acid, or of monocaJoio 
phosphate may bo similarly employed upon any ground with which 
baryta, lime, or lime oompounds have bean mixed. Until these 
mef^ods, and others which we could name, have been submitted 
io further experimental proof, it will snfiice for us to namothem 
here, with the expression of a hope that some artist of eminenoe 
will try their merits. 

In speaking of the chemistry of oil painting, it wDl be jndioions 
to introduce a few words in tbo first place upon painting- 
grounds. It is of the very first importance that, the canvas, 
panel, or millboard on which a picture is to bo painted, 
should present certain characters of permanence. Canvas 
made from hemp or linen is in its nature liable to a daily altera¬ 
tion of weight and sise, owing to variations in the amount of 
hygroscopic water or moisture which it absorbs or retains. 
Unprimed oonvae may contain on a dry day 5 par cent, of water, 
and on a damp day 11 or oven 12 per cent. By saturation of 
the canvas with some water-repellent material, such as oil, wax, 
or paraffine, the variation wo have named may bo almost entirely 
prevented. A solution of paiaffino in mineral turpentine, or of 
oopal varnish in ordinary spirits of turpentine, or a mixture of 
these two liquid preparations, may be used to saturate a canvas 
or a mill-board brfore laying the priming or ground upon it. The 
canvas, etc., should bo carefnlly and slowly dried, at a temp®a- 
tnre not exceeding that of boilteg water, before saturation with 
the waterproofing liquid; and of course an equally thorough 
diymg is necessary afterwards, before the priming is laid onf It 
is difficult to treat panels in the same way, but if they arc of 
wdl-soosoned wood, and their back and front snrfaoes are of 
equal age—that is, have been equally long exposed to the infln- 
onoe of the air, the best mode of preventing their warping and 
craoli^ is to charge the back of the panel with as heavy a coat 
of paint as that which the finished picture on the ftout may be 
pMsqmed to contain. The saturation of oanvasas, panels, etc., 
with any preservative solutions such as those nam^ above, may 
be best aoeompMshod by their immersion in the prepared Uquid 
m a chamber partially exhausted of air. On ro-a&nitting air, 
tiie liquid fills the pores of the matraial much more oompletely 
tiian is the oase where it ia merely painted over the snrfaoe. To 
Mtiirate ivory with paraffine, etc., previously to painting upon it, 
a quite easy if the ivory be immersed in a vessel dF melted 
pozaffine, and tiien plaoe^en a heated iron or briok, under the 
reeeivw of the air-pump, has been* recommended “ to steep 
the canvas before pointfaiir in a solution of silicate of potash. 
If the eanvaa it ateeped in this solution and oarefnUy dried, and 
then stretched and painted, it will pregorve its sonndneas for 
teeny years, the siliMte acting as a protective oovOTing to the 
flhres of l^e hemp of which the canvas is made.”. It ia impoS' 
tfble fm any one wbo bu studied tine uotioii of solulde culioutee 
iQEkW Tegeteble fibzewy tine oaM) of tent ot 

tojtiluin thie nwoixunendSitioiu WithApotoabwater-i^lasBMfiee 
w tfbMibto ftOTn excess df alkali, it will be found tbot the iEbfea 
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of the canvas will be—firstly, discoloa^, and the diacoloratitm 
will find its way thiongb the ground to the piotuN; aeoondly, 
that the fibres will be aerionidy weakened; and, thirdly, that 
they will be rendned atill m®e hygroacopio than before. Ji 
any preparation of silioa be selected for tiial, we ahonld suggest 
the use of a solution Of pure silioa in water, prepared by 
Graham’s method of diaJyria; but although direct expraimoata 
do not tend to show that anoh a ptepaialaon ia of much nse for 
the improvepient of oanvases, it oanmit diseolonr at weaken 
them. We shell have to reour to this subjeot presently, in 
speaking of the preservation and restoration A paintings in oiL 
A bad practice of priming and grounding canvases with sue 
and wMting is very general. This preparation, howev® wcB 
it may stand in a dry ollmate and pure air, is not permanent 
under the atmospheric conditions of a modem English city. 
N® is the free use of plaster of Paris in gronnds a safe employ¬ 
ment of this substance. Although sneh grounds as these may 
adh®e strongly to tbo oanvas at first, they often booome loose 
after the lapse of some years, and crack in all directions. There 
is, in fact, a oertain degree of incompatibility, as it is colled, 
between the material and medium of'the ground on the one 
hand, and the medium of the subsequent painting on the other. 
Unequal contractions ooc®, while the ground and pointed sur¬ 
face alike become fissured. A really good ground may, however, 
bo made by moons of white lead ground in oil, and mixed with 
a little pure, pale piotnro oopal. Upon this surface, while it is 
still tacky, and warm zinc white should bo dusted. This will 
adh®o in part, and form a dead white surface, very suitable for 
throwing brilliancy into the subsequent layers of colour. 

Wo have before spoken at length of the pigments and media 
used in oil psinting, and wo have here but to add some details 
as to the modes of using them—so far at least as ebemioal 
actions ®o conoernod. Now, when wo recall the ingredients 
of the various media used in nil painting—oils, rosins, tntpen- 
tine, essences, with, in some cases, wax and paraffine—we shall 
see that the change of conditions from a soft state in which 
the pigment may be laid on in fine lines with a brjiah, to a 
state of very considerable hardness, is brought about by two 
actions going on in the media. One of those actions is the 
evaporation of tbo essential oil or spirit, the other ia the 
absorption of oxygen. Both actions tend in one direotion, the 
h®dening of tbo cement which binds the partiolos of the 
pigments to each other, and to the painted suriaoe. Bnt it is 
evident that noith® the evaporation of the volatile part of any 
medinm nor the oxidation mentioned above can prooeod pro¬ 
perly if the ground be not thoroughly dry before the first lay® 
of paint bo placed upon it; and so on with each suocesaive 
addition of pigment. A good rulo deduced from this observation 
ia to make a point of employing the moat rapidly drying medium 
firat, and afterwards, if any change be made, it sho^d be in 
. the diioction of a slow dry®. By using a variety of oils, and 
megilps, and varnishes, some rapid and some slow in drying, 
and some disinolinod to dry at all, the moat fatal reanlta enano 
to the oolo®ed films which conititate the pictnra, and which 
are palled about and tom in all direotiona. BE oo^ vacniah, 
with poppy or linseed oil, bo the^ medium in use, thou in the 
later' paintinga more oil and leas oopal should be mnploy^. 
Further, aiz months at least should elapse before the ^shbd 
painting be varnished, the vamiah itself being thinned suitably 
and laid on rapidly, evenly, and lightly. Before each ancceaaive 
painting, and befoye vamiahing, it is often neceasaiy to adopt 
some pkm of preventing the new coat from “ rolling," as it is 
termed, in beads ot drops, instead of becoming smoothly dis¬ 
tributed ov® the last painting. To moisten the previous layer 
with saliva is a usual M a reprehensible praotioe. It endangers 
the safety of the new film of paint, f® water subsequently 
applied to the painting may penetrate to the residual matt® of 
saliva, and dissolving it away, loosen the oolonrsd film 
ab®e it. Sponging the unfinished picture first with a weak 
solution of ox-g^, and then with distilled water, is a fair more 
satisfaototy way of oleassing it and preparing H I®- aubaaque^ 

painting or varnishing. Or tiie paintisd surfooe may ba exposed 

f® a tew minutes in a box, to air charged with aloohrd vapour- 
The common praotioe of “ laying ini" a ynirk intondsd 'to ^ 
oompleted u oil with water-ccloiirB is mpst unsste. Exactly 
the sams bbjeoticin aiipliea to it ag 4a tlm.aie of saliva jo*’ 
dssfflibed, cody ia a t^old dsgxeg*^ Botes paiatetei te>wsr^> 
go so fK as to .psiat witii mtemMloatev iibud w^ia <»tw 
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os.gsll mmf of tainnker detaols amd- ridi glMsings of fheir 
piotarefl, kraiittBg aometimM to a little oil or ntmish to keep 
these Mtsr^oolom in their plaKsee. Fosaeseoia of piotnree tbns 
madenp^l sooner or later disoover the ill effeots of cnioh 
trioks. Ftssares form, ohsuges of tint take place, and i4 
the pSotore be at any time snbmitttd to any of the common 
eleoning and washing proceBsoa, the rich and delicate water- 
eolonr work will be wholly carried away, taking with it, it may 
be, many a thin grazing or soiunbling in oil, precious from an 
artistic point of view, but held in its place by a too preoarions 
tenure. 

We have hinted, in former papers, that it is possible to make 
certain ohangee for the bett^ in the media of oil painting. 
The following snbstitations arc amongst those which promise 
weU. For turpentine and other essential oils liable to rosinify 
and darken, use benzole and toluol—hydrocarbons abundantly 
found in coal-naphtha. For the fixed drying oils, substitute, 
wtolly or partially, the purest parafiino or hard white beeswax. 
For mastic and dammar Tarnishes, substitute the best sort of 
pale copal Tarnish. Those alterations must be made with judg¬ 
ment, and according to the purposes for which the medium is 
desired. In mural decorations, more particularly, advantages 
will accrue from the substitutions just named. For snoh a 
purpose the pigments must not present a heavy appearance, nor 
must the finished work show any surface gloss. The following 
recipe enables uq to prepare a mural medium of great perma¬ 
nence and Tery easy working:— 

Molt four ounces by weight of pure, hard, white paraflSne, in 
a tin can or glass flask standing in hot water ; then odd, very 
slowly, eight fluid onuoos of benzole, toluol, or the mixture of 
hydrocarbons contained in light coal-naphtha, boiling between 
80° and 120° C. Then, stiU keeping the flask in hot water, 
add twenty-three fluid onnoes of pure copal varnish, and 
thoronghly mix the contents of the vossol. In this formula 
pure white beeswax, which has been granulated by pouring it 
into cold water, and has then been washed in methylated spirit 
and again melted, may be substituted partially or wholly for 
tho paraffine. So, too, oil of spike lavender, or oven spirits of 
turpentine, may be used instead of tho ooal-naphtha. Thu copal 
varnish is best made as di^oted in Article Ul., using tho white, 
hard. Sierra Leone copal resin if possible. This medium pre¬ 
sents great rosomblanoo to a wax medium which was recom¬ 
mended some years ago for mural work by that distinguished 
painter, Mr. Gambler Parry, of Higlinam Court, Gloucester. 
This amateur artist has exoonted some noble works in a propo- 
tstion ooutahung wax, rosin, elemi, oil of spike, and copal var¬ 
nish, Some (rf the best and latest of these decorate the walls 
of Bt. Andrew’s Chapel, in tho Cathedral of Gloucester. Others, 
which have .stood weU several years, are in llighnam Churoh. 
In Mr. Parry’s prooess, as in all other processes of a similar 
kind, the waU should be prepared with a pure fresco ground, 
allowed to beoome quite dry and hard; but a ooarso sand is 
not advisable, as tiro pigments may bo rubbed off from tho 
pTOBdnenoes made by these graina. The wall to be painted 
shoa|d be-saturated with a mixtore of the medium employed, 
and some liquid solvent, snoh as the essential oils or hydro¬ 
carbons used in preparing the nrodium. When this is dry, tho 
pigmenta, ground preferably in the modinm rather than in oil, 
CM laid on in tho nsnal way. If it be desirable to thin tho 
medium, it may bo done partly by warming the tube or oon 
holding it, and partly by adding some one of tho finid solvents 
just named. 

nkere is one snbjeot oonneotdB with tbs praotioe of oil paint- 
ing which demands a few words of remuk here. We refer to 
^ varying amonnts of oil whioh different dry pigments require, 
^ oeder to bring into tiiat condition in whieh tiiey may 
used-by the. artist. The variations are so great and show so 
distinetly hbw mneh binding material one colour requires and 
oaothur, that a list of tho ohief results of Herr 
Wsoanfs - investigation of the subject may prove praotioally 
UsdEid. lliis experimenter finds thirii— 

^ parts by Wright of white lead roquire 12 parts by wrigbt ril oQ. 

» ' » sine white „ U » 

n M . . ' ebrome green IS „ » 

'i*' dvomeydlow », 19 „ ' 
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100 ports by weight of yellow oohie require 75 psrte by wstght of riL 
M u terre verto u 

M H Prussiau blue 112 

„ „ bone Uaak „ 112 „ 

H » ‘cobalt blue „ 125 ' „ 

» M burnt sienna „ 181 

n „ raw sienna „ 250 „ 

There are two sots of conditions whioh have to bo coneideied 
in refotonoo to the preservation of cabinet and gallery plotnrea 
painted in oil. One sot of conditions has referenoe to the 
materials themselves of the pioture, the other to its atmospherio 
and other emroundinge. When tho canvas, eto., the ground, 
the medintn, and the pigments are satisfactory, the pioture is 
etill liable to injury from alteration in the size and form of the 
eanvas or panel—iterations whioh may arise from excess of 
dryness as well as of damp, or from inequality of temperature. 
With the oanvasea of pictures, as ordinarily prepared, extreme 
dryness* of the air is as much to bo dreaded as extreme damp. 
If a stream of warm and dry air enters a gaUery just below the 
pictures, tho canvases, frames, end panels become altered in 
shape and size each day, returning more or loss to their original ' 
state each night. Thns the coloured films of tho painting are 
snbmittod to an injurious strain, which may end, ae tiie binding 
medium of the pigments becomes more brittle, in a multitude 
of minute fissures, and tho final flaking off of portions of the 
paint. One day the canvas of a large pioture may be tightly 
stretched; another day it may bulge out in an awkward manner. 
A panel may warp and even split from tlie same oaoses. A 
pieture-gaUery ought, then, to be kept at a mild and uniform 
temperature, and tho atmosphere should be snffioiently 
charged with moisture to maintain the hygrosoopio water of the 
canvas, etc., in its due and normal proportions. A registering 
thermometer win indioate how far the first oondition is fffifilled ; 
tho realisation of tho seoond may bo estimated by a pieoe of 
primed canvas snspended in a light frame of metal from a 
delioate spring balance. The index of this balanoe will show the 
steadiness orfluotnation of tho atmospherio moisture. And here 
we may suitably enter a protest against hanging piotnres oloeo 
to a wall, and against the ordmary plan of glazing piotnres (in 
water as weU as oil), espooially where tho range of temperaturo 
is groat; tho transference of water to and from the picture to 
the oir-spaoo in front of it and the gloss e.xerts a most injnriona 
effect upon tho materials of the painting, and onoonragos the 
growth of minute vegetable organisms. And it may be farther 
stated that tho modes in which pictures are fastened into their 
frames do not permit with sufficient freedom of those minute 
movements whioh are inevitable, and tlie oaase.s of whioh we 
have been at some pains to explain. It is scarcely neoessory to 
say that air, impure from the presence of ammonia or snlj^ut 
cofoponnds, or of coal-gas and its products of oombnstion, ia 
most injurious to the permanence and preservation of paintinga 
in oil. Adr may be filtered through muslin, or even washed 
with advantage before it enters the gallery. So, too, the exolu- 
aion of soot and dust is of tho greatest moment. A pietnte- 
gallery should never bo entered except by means of pasaagoa 
and lobbies, where the dnst which visitors bring in, or whioh 
the ontaide atmosphere oontainB, may bo removed, or m«^ settle. 
Tho floor should, for tho same reason, bo adapted to show dirt, 
not to harbour it. Projecting frames, and the inolining for¬ 
wards of the Upper part of the picture, will tend to prevent the 
lodgment of dust upon the painted aarfaoes. 

A few notes on tho restoration of pictures must not be 
omitted. Hitherto, tho restoration of a clonded or damaged 
pioture has too often proved to be its deatrnction as a work of 
art. The plan followed was, thq-. i^eppval of tho disooloutad 
varnish by moans of spirits, of occasionally oertain 

additions of oil and spirits of tnxpMj&ie, to modify the aolvaat 
notion of the alcohol. As some amount of friction was employed 
in applying the liquid, delicate touohes and glazings were, often 
wip^ out, so that the .work pf ro.pointing boeome neoeaaaty. 
Bnt the method, perfeoted by the German chomiat. Dr. 
Pettenkofer, presents in many oases a great eupersMly over 
the former pl^ It .oonaista essentially in the sxpoanxe of the 
pioture, previoualy washed with pi^ woter, to the vapour of 
alpohol (ff 80 par,cent. The operal^on is -(ro|DdTioiiea in a closed 
shallow box, to the of whioh the M flx*d, ftoe down* 

• /aanwt qf As SeeMy efArU (1871), Vri. XIX., page U8. 
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vuda^ and on the bottom of which a pieoe of fbanieli moiatened 
wiUi alcohol, ia firmly attached. All dcat muat ^ excluded 
throni^oat the operation, while the progreia of the aplvent 
action of the vapour on the varaiah mniit be watched with care. 
In the case of pioturoa painted on canvas the prooeaa may be 
completed by spreading a thin layer (rf eopaiva balsam on idle 
back of the picture. But it would extend our lesson too muoh 
were we to enter into a full deaoription of the several atepa in 
the “ regeneration” of pictures by Fettenkofer's method. For 
anoh details we must refer to a pamphlet,* in which the prooeas 
and ita results ara fully given. 


TECHNICAL DRAWTNG.—LXIII. 

BBAWINO FOB BBICKLkTEBS. 

LimEAB DBawina bt hbanb of instbumemts. 

Bbick and TiIiB Patino. —^Paving formed of bricks on their 
edges affords a much bettor floor, and is in some cases prefer¬ 
able to stone paving, if the latter be laid on the ground without 
the intervention of footings. Brick-on-edge paving in sand is 
generally used in beer-cellars, pantries, dairies, stables, etc., as 
its numerous open joints allow wasted or discharged fluids 
readily to esoarpe, and it is both cool and dry under ordinary 
oironmstanoei. In mortar or cement, bricks on their edge 
(Fig. 521) form a sound dry floor; the smallness of the surface 
exposed by each brick in this manner leaves them, of coarse, leas 
BUBceptible of partial pressure, and the depth from the soil to 
the sur&oe ia such that damp rarely shows through. 

The paving brick differs from the common brick only in thick¬ 
ness, its dimensions in that direction being inch; it is, 
however, rather'harder and more compact. 

Dutch clinkers are x>aving bricks, smaller and much harder 
Ilian the English; they are 6^ inches long, 3 inches wide, and 
14 inch thick, and are always set on edge and herring-boned— 
t^t is, instead of being placed in parallel lines, they arc set at 
right angles to each other, os shown in Fig. 522, the face being 
kept perfectly even. 



Fig. 621. 


Common paying tUes are made 11} inches square and IJ inch 
Uiick, and 9f inches square and 1 inch thick. These two sises, 
however, ore respeoiaTely oallod “ twolve-inoh " and “ ten-inch ” 
foot tiles. They are laid in oonrses as stone paving would be, 
tile alternating oorosee breaking joint. 

To copy Kg, 521, having drawn the linos a n and A c at right 
angles to each other, and ha^g completed the rectangle a B C D, 
set off on A c the points a, 5, e, d, e, eto., representing the 
widths of J^e edges the brioke, and from these points draw 
lines pamDsl to A B. 

These lines will give tiw separate oonrses, and lines drawn 
'tton points X, F, o will divi^ the flrst oourse into separate 
btldlH, the len(^ A n, etc., being ntee inohes ^ scale (the soide 
ased ja thie subject is an inch to the foot). 


* ^tiber Oltnrbs,*’ etc. Xsat r. Psttenkofer. 1870. 


The seoond oourse is plaosd so as to break joint—that is, the 
joints fall in the middle of the whole brioks adjoining. These 
two oonrses will serve as guides for all the rest, and the T-squore 
having been placed so that ita orosa-head is guided by the left- 
hand edge of the board, the blade extoiding aoroee i^ the lines 
referred to are to bo di»wn with the set-aqnare, guided by the 
edge iff the blade. 

Fig. 522 ia a portion of a floor, exeonted in the manner^alled 


H 
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Fig. 522. 


“ herring-bone brick on edge.” In commencing this, draw the 
line A B, and at any point in it, os c, draw c B at to A n, 
which will be easily done with the aid of the set-square (of 45°). 

From c set off on c d any number of divisions equal to tlie 
widths of the side of the bricks. Through either one of these- 
points, as E, draw a lino at 45° in the opposite direction to c n, 
and from x set off to e f divisions corresponding to those on c n. 
The entire example is then to be oomplotod by drawing lines 
through the points in thoso two lines, the whole being simply a 
chequer pattern, as shown at c. 

It must be pointed out that tho angles of the bricks must fall 
in straight lines at right angles to A b. This would bo plainly 
seen if a line were drawn from ct to u, and is a test which must 
bo constantly applied daring the progress of tho work. 

When tho drawings have boon inked they may bo coloured. 
A few brief instructions on this head will be found farther on. 

Fig. 523.—^This study is taken from a German pavement 
formed of brioks laid flat. It is used as tho floor in a kitchen, 
and tho brioks, which are 10 x 5 inches, are laid in cement. 

Tlio method of drawing this snbjoct is very simple, for, since 
the bricks are doubly as long as they are wide, the whole surface 
may be divided into squares, two of which will make one brick. 
This floor is sometimes worked in block and red, and sometimes 
in red and buff bricks, in either of which it presents a very 
pretty appearanoe. 

Fig. 524.—^Tho pattern of this floor is formed of whole and half 
bricks, of tho some size os thoso used in the last; and in copy* 
ing it the surface should, as before, be divided into squares. 
The brioks used are black, red, and buff. 

Paving in various stones sedms to have been the origin of 
what has since been oalled “mosoio work.” The fine effect 
and use of pavements composed of pieces of marble of different 
colours so well joined together as that when dried they might 
be polished, and the whole make a beautiful and solid body, 
which, oontinuBlly washed with water and trodden upon, was 
not at all damag^, gave the painter thq hint, and tiins origi¬ 
nated inlaid representations of borders, geometrioal patterns, 
flgnrea, eto. But the number of colours in marble being 
lifted, variouBly oolonted gloss and even metals were em- 
ployed. 

This kind of work is supposed to have oripnated in tiie Eas^ 
and woa most likely brought from'Phosnicia to Qieeoe, and 
thenoe to Borne, where it was used prinmpolly for pavements. 
Many of these were exoeedingly benatifal, and aoveral ekoellent 
speohnens have bean found in tidfl eoaatry. 
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A tery flee Bomaa teaaelated paTement waa diBooTwed when reader is referred to the “ Leuona on IfoBaio Work," in whicdt 
digginfr to hv the foundations of the old India House (now seTorsl beautifnl Mampian are figured. 

.removed), in l^ad enh a i l Street, in 1803* (Hus was as a whole As a rule, these xutyements oonsisted, as in the first speeimen 
square, with a oiroular disc in the oentee, on the white ground allnded to, of borders surrounding a oentral figure or deviee, 
of whioh was inlaid a figure riding on a tiger. This was sur* and sometimes a group or subjeot. Others consisted solely of 



Fig. 523. 


rounded by various borders, tho principal of whioh waa the 
‘wave Boroll." Tlie spandrils at each oomor were filled in 
with vases, from the liandlea of which spiral scrolls diverged. 
Next oamc a square border of a ohainlike character, and 
another filled witli ornamental devices. 


patterns worked out in two or throo colours, usually black, 
white, and rod. 

The material of which the mosaics of the Middle Ages were 
formed was chiefly gloss, by which they are in a great measure 
distinguished from tho Ituman work. 



Fig. 524. 


Another magnificent apooimen waa found in Somersetshire, in 
1737, the general pattern df whioh waa made up of numffirons 
Qompartmenta filled in with geometrical devices, and tho whole 
WaeBurtounded by the GreA key or “fret” border; and a 
weond pavement of a aimilar character waa found in the same 
oousty in 17^ and only a few yeaxe ago a beautifnl specimen 
found in the Fonltry, Xiondan. For accounts of several 
oueovedei of renUdns of naoimt work of this deaoiiptioa, the 


Perhaps tho nearest approaob to manufacture is to to found 
in the rude inlaid work of the eolnmns and fountain which 
were discovered in some of the gardens of the buried city of 
Pompeii. Mosaic work is also eommon in Arabiaa edifices, so 
much so indeed as to become a feature of the ei^lo. Thw 
moeaioB were prineipsUy of poroolsin, and were enjoyed in 
the decoration of ito lower parte of tiie walla antPaAe for 
pavementa. 
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\ NOTABLE INVENTIONS AND INVENTOES. 

IXVII.—JOSEPH BEAMAH. 

BT JOHN TIHBS. 

Tecs celebrated mochanioian was born on the 13th (New Style) 
or 2ud (Old Stylo) of April, 1749, at Stainsborongh, in York- 
* shire, whore hie father was a farmer well to do. Ho waa the 
eldest of five children, and was intended for Lis father’s occu¬ 
pation; but ho very early indicated i)roofa of mechanical 
genins, and being at the age of sixteen incapacitated for 
agricnltnral labonr by lameness, he was apprenticed to a 
carpenter and joiner. He next removed to London, whore ho 
worked for some time as a journeyman cabinet-maker, and 
afterwards sot up in the same business for himself. Ho was 
led to that of an engineer or machinist by his invention of some 
very important improvements in the construction of water- 
oloMts, whence he became a manufaoturor of those articles. 
His next important invention was the ingoniona look still known 
by his name, and which, after a lapse of seventy years, daring 
whioh time many new kinds of locks have boon introduoed, 
maintains its ohoraotor as one of the most inviolablo looks over 
contrived. 

- By far the greater part of the almost innumerable ingenious 
oonMvanoes for rendering looks inviolable, may bo classed 
under one of two systems of security. Tho first consists of the 
insertion in the look of fixed obstacles, commonly called words, 
whioh prevent the entrance or revolution of any instrument or 
key whioh is not formed witli corresponding openings, so as to 
thread its way among them, and thus render tho bolt inacces¬ 
sible to any but the proper instrument; while tho second 
consists in tho use of movable impediments, which in their 
most general form are called tumtlcrs, a term which, for con¬ 
venience, we may apply generally to the motion of tho bolt 
itself, the security arising from tho difficulty of bringing these 
movable impediments, by tho use of auy but the proper key, fo 
the actual and relative positions nocoHsary to allow free motion 
to the bolts. It is ourions to find that this kind of lock is of 
groat antiquity. According to M. Henon (in whoso magnificent 
work on Kgypt it was published), from the circumsbinco of 
finding one sculptured amongst the bas-reliefs which decorate 
the great Temple at Kamak, it was ascertained that daring 
forty oontnries tho lock had undergone no sensible chaj|ge. 
(Ainger on' Looks.) Notwithstanding the high antiquity 
it the tumbler principle, its first important application in 
this country appears to have been made by Barron, in 1774 or 
1778. In the simple form of tho tumbler there is the disad¬ 
vantage that, while it offootually prevents tho removal of the 
bolt unless the tumbler be raised high enough, it presents no 
obstacle to its removed when, by tho use of a false ke^,*tho 
inmblor is thrown up beyond the proper degree. This defect is 
remedied in Barron’s lock, and in many more recent contri- 
vanoes whioh are based upon it, by tho use of several tumblers, 
each of which requires to be raised to a different degree, and 
any one of which, if lifted too high, will form as effcctnal a 
barrier to the motion of the bolt as if it were not lifted at all. 

Bramah’s look was invented and patented in 1784, when he 
pronounced it *' not to be within the range of art to produce a 
key or other instrument, by which a lock on this principle con 
be opened.” In Bramah’s look, the principle of tumblers or 
movable obstacles is applied differently to that in others, and 
the use of wards is entirely abandoned. In a kind of prefatory 
record whioh was attached to his spooifioation, Bramah allndes 
^ to the insnfil^iency, for tho purpose of security, of all contri¬ 
vances of or fixed ohstaole charaoter, because, accord¬ 
ing to abstract of his ^wganiSnt, “ the variations 

capable of hUtt. jnado in the dispoeitioB of snoh wheels or 
wards, and hi the form of tho key’s bitt, are not snffioient to 
produce the required number of locks, without havmg large 
quantities exactly alike, and their keys capable of opening one 
anotbw teciprocadly. In otmseqnence of which they become a 
veqr uiipetfeot qecuriiy against violation, as any iU-disposed 
person might, by fpriiithing himeelf with a nnmbw,^ bid keys, 
be eufbled to open ahnpst all the common locks in the king- 
doBU wither h^Qe d^onlty as .he had in his possession the 
key Wpnging ti> ea^i loeks.’' in devising a remedy for these 
i1iisuJ|Mfdl«ami>h ocatnved sji^ying more impedi- 

BMOBi, vety different to thM adopted by Ban^ •RatatnlBg 


the. principle wMoh required the withdrawal of every snbh im¬ 
pediment in its own peculiar movement, he provided for restoring 
them, by the application of an elastio foroe, in such a positilm 
as should leave no trace and afford no possible due to the 
discovery of the extent of their motion nnder the pretence of 
the key; so that tho opening of his look withont the true key is, 
to use his own expression, “ as difficult as it would be to deter¬ 
mine what kind of impresBion had been made in any fluid, when 
the cause of such impression was wholly unknown; or to deter¬ 
mine the soparaio magnitudes of any given number of unequal 
substances, withont being permitted to see them ; or to counter¬ 
feit the tally of a banker’s cheque, vrithout having either part 
in possession.” To explain how the principle of siMSurity is 
applied in Bramah’s lock, we shonld explain that the ordinary 
mode of shooting tho bolts by the action of tho bitt of tho key 
is entirely abandoned in it; the office of tho end of the bitt 
being performed by a stud attached to tho end of a cylindrical 
barrel, which is mounted in tho lock, and which contains all its 
osaentinl parts, or rather, all the parts essential to its security. 
■Tho portability of tho key constitutes a groat advantage to tl^ 
kind of lock, as a key which may always bo carried in tho 
waistcoat pocket, or oven attached to a watch-chain, is loss 
likely to bo mislaid, or to fall into tho hands of improper per¬ 
sona, than a largo key. Again, both locks and keys, being 
made almost wholly by machinury, may bo made with great 
accuracy at a moderate cost; while tho prodi^ion of a false key 
from an impression of the true key, or oven from tho key itself, 
would be no easy task to a person not possessed of tho requisite 
maohiucry. For some time after tho introductioii of this lock 
it was deemed absolutely inviolable, but ingenuity at length 
overoamo tho difficulty of picking it. This waa accomplished 
by what has been aptly termed the tentative or trying process. 
Force being applied to tho barrel in such a way as to give it 
an inclination to rovolyo on its axis, tho picker tried all the 
sliders in succession, to ascertain which of them, by the in¬ 
evitable inaccuracy of workmanship, pressed with most force 
against the circular locking-plate. 'This slider he then gently 
pushed, until, by tho cessation of the rcsktanco of its locking- 
plate, ho found that its notch was in tlie required position; 
when, having secured it, ho pruooedod to adopt the some course 
with each of the other sliders in sucoession. Then, by an ex¬ 
traordinary cxerciso of patience and delicacy of hand, etc., a very 
skilful ojicrator was abW bi many instances, to acbompliah the 
apparently impossible feat of picking a Bramah lock. No 
sooner, however, was this fact mode public, than an efficient 
remedy was provided by a person named Hnssell, who was then 
in Bramah’s establishment, by the simple device of entting one, 
two, or more additional or false notches on each slide, and 
enlarging tho inner portion of each notch on the looking-plate. 
The result is that it is utterly impossible for a picker to know 
whether ho gets tho true notoh, or one of tho false notches, on 
to the looking-plate; while, supposing him against all pro¬ 
bability to find the right notch in a majority of the sliders, tho 
fact of cue only hanging cn a false notch wonld ‘be'suffioiont to 
prevent the barrel from turning, owing to tllB depth of such 
notch being insufficient te clear rite plate, nie enlargement of 
tho notches in tho looking-plate, which allows of a degree of 
motion far exceeding any whioh oonld arise from mere inaccu¬ 
racy of workmauship, adds to rite baffling effect of the false 
notches, by the usa of wliioh the Bramah look may fearlessly 
bo said to be rendered, so for os any mebhonioal contrivance 
can be, perfectly soouro from pioking. The same prinoiplo of 
picking, and the same kind of seonrity against it, with vario- 
tions of detail, whioh need not be noticed hate, have been 
ai^licd to tumbler lookf iff the more ordin a ry neri ffik u otion. 

Tho infinite variety attainable in the mannfiMitaM of looks on 
ibis principle forms one of its great recommMdetions. In oue 
of its simplest forms only four sliders are used; bnt even iu 
rids form the variety attainable withont any difference in the 
rise of tho key, or the diameter of the central pin, is very groat. 
By the use of five, six,'or seven sliden, the mmW of ^e>^ont 
looks, oaoh of whioh may have th^same external appearance, 
but can be opened only by its own propek -key,'ia inoreaseii 
almost to in^ty. Bramah bimBelf abowed that if iiwrive 
slidera were employeiL the anarimrof idisngaa whidi might ^ 
piodnoad by simply vatyiiig • iheir lebttve poritioim woula 
amonat ta d70«fioi,690 j wUto, by addirv on* laaaa riider, the 
aaa^bw wndd b« ianeaud to 0^7,819,500; «o ihat, M he 
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obsorreRi “one look, oonsietipg of thirteen of the abore-meu- 
tioaed levera, sHdets, or other luoTablo parte, may (by ohangfing 
their plaoee only, withont any difference of motion or eize) be 
made to require &e same immeneo number of keys.’’ It may 
be obaerred that, in the event of a key becoming lost, or the 
owner deeiiing on any acoount to have a look altered, it ia 
poeaiblo to ohuige the relative poaitlona of the sliders, ao as to 
render the old key useless; and also that master-keys may be 
made, if reqnhed, by conelmoting a suit or act of looks, alike 
in everything but the position of thojc notohea, and then apply¬ 
ing to each of them in snooeasion the intoiidod master-key, 
which must have notches different to any of the ordinary keys, 
and cutting now additional notohea in the sliders to suit it. 
Snob, indeod, is tho principle upon which the notches of ordi¬ 
nary Bramah locks are cut, tho key not being ffttod to tho lock, 
bat made first, showing its notches out by a moohino %vhich 
provides for a continual change in their order and depth. This 
done, each key is applied to a separate lock, with blank or 
uncut sliders, and tho notches in the sliders arc cut while they 
arc thus held in the proper position by tho key. By any other 
arrangement it would bo almost imposnblo to secure the re¬ 
quisite accuracy. 

Bramah, it may here bo observed, presents ns with an early 
example of a man of genius extensively applying machinery to 
manufactures. Thus, when ho set about his famous lock, ho 
constructed a series of machine tools for shaping with tho 
required precision tho barrels, keys, and other parts of tho 
contrivance; this would have utterly fulled, had nut tho tools 
been formed with the nceiiracy which machinery alone could 
give. The importanoe of such perfection has of lato^ years 
been much more generally appreciated than in Bramah’s time. 

In Bramah's worksliop was brought up tho celebrated Henry 
Maudsiny, who went there as a young man of eightorn. i 
Bramah was then engaged upon his lo<;k, and was at his wits’ | 
end for the means of simplifying its rnrions parts. Ho was 
almost ashamed to apply for assistauec to the youth of eighteen; 
but ho did apply, and got the most valuable aid from Maudsiny, 
who was working in Bramah’s shop for little more than a pound 
a week. 

It is not within our province to pursue Bramah's lock further 
than to state that it was greatly improved by tho inventor’s 
sons. It was, however, picked in 1817, w'hon it was improved 
by the introduction of false notches. It wa,s again picked in 
1851. There hung in tho window of Messrs. Biumah, in Piec.a- 
diUy, for twenty years, a padlock, to which was appended a 
label with these words: “ "nio artist who can make an instru¬ 
ment that will pick or open this lock skall receive 200 guineas 
the moment it is produced.’’ Tho lock contained no less than 
eighteen sliders, and supposing tho projecting .sniface of each 
slider to admit of only six different situations for each notch, 
it presented a sum of security as compared with unity of 
678,651,612,807,168,000. How many lives would it take to 
hit ohanoe upon tho right key out of so many changes f A 
long controversy ensued as to the actual nomplianco mth tho 
conditions of picking; the case of Messrs. Bramah was referred 
to a committee of arbitrators, who, having witnessed certain 
experiments, decided that Mr. Hobbs, tho American operator, 

’ had pioked tho look without injuring it, and Messrs. Bramah 
accordingly paid him tho 200 guineas, though he hod used three 
or four insteomenta instead of one, stated in tho challougo. 
The padlock is stated by Messrs. Bramah to have been imper- 
feot; and .they produced another look, which they uhollenged 
Mr. Hobbs to piok, for 200 guineas. The rut hono of the affair 
has been thus pertinently illustrated:—“ Tim public, while 
they admire the expertness with which this meohanioal feat has 
performed, will not attach more importance to it than it 
deserves, oar nn^rvalne the merit of our beat looks, because on 
Amerioan operator, highly aooompliihed in snch matters, has 
JWHseeded, after an ardnons struggle, in opening them. The 
faoiliries given to him were such as no thief coulil ever possess, 
if ke had the necessary ability; and it is quite clear that 
the operation has not boorfone of ordinary picking. ’— Times, 
Beptemhar 4,1851. 

, ^ wrtuni to tho career' of Joseph Bramah. From tho look 
he tamed to the steam-engine, and made several valuable im> 
PivveuAuls In it. Stnart observes s “ After a series of experi- 
ia wirieh Watt had been engaged for twenty years, to 
'^"*w)!Pvlds ideas, ike qdendid tes^ his genius and per- 


aeveranoe—the perfect mooliine—was rais^ up in judgment 
against him, to prove that beijween the years 1790 and 1800, 
the engines which were sent from Soho were more perfect than 
could be fabricated from tho description ho gave of tho one he 
erected in the year 1760.” Bramah, whose own distinguished 
ingenuity and personal acquaiutance with the sabjoot, joined 
with his high integrity and regard for truth, rendered him a 
dangerous adversary, was enlisted among the determined 
opponents of Watt’s patent. This he atta^ed safely on the 
ground just stated, while his printed letter to the judge who 
presided at a trial on which he had appeared as a witness, is 
referred to hy Stuart as being throughout a sorios of admissions 
of the value of Watt's contrivauons, in which “ he points out 
mventions that had escaped the notioe of others, with all the 
fine fooling of what is beautiful in an art in which ho was him¬ 
self a master; while he ceases not by inference to ask if the 
inventor has described these in a proper manner; and he comes 
always to tho same conclnsion, that bcoanse ho has not, there¬ 
fore lio is not entitled to any reward for his superlative inven¬ 
tion : ” althongh, after a series of trials oxten^g from 1792 
to 1799, a unanimous and clear decision was given, folly vindi- 
cating and establishing tho rights of the patentee. 

Bramah’s greatest invention is the hydraulic, or, as some 
persons erroneously term it, tho hydrostatic press, patented by 
the inventor in 179C. It has therefore been known to tho 
world for seventy-five year.s, and is now applied in a mnltitnde 
of operations, which absulntoly could not bo performed at all 
withdut it. The boundless power which it enables one man to 
exert, renders it an important agent in many manufacturing 
processes, one of which is the powerful hydranllo disoharging 
pi-ess used in tlie mannfucturo of bandana handkeroMefs. 
Thus, ill the Barrowfleld T)ye Works, near Glasgow, there are 
si-vleen presses for tho production of bandanas; and when 
these are in full work, the period required for the complete 
discharge of tho colour in tho first press is equal to that re¬ 
quired for bringing tho remaining fifteen into action, so that 
one discliarger, vrith his assistants, can keep tho whole in con¬ 
stant operation. The entire routine of operations ocenpios 
about ton minutes, so that tho sixteen presses (each prodneing 
fourteen hundkorchiefs at each operation) will produce 224 
handkerchiefs at each lime of working; the whole being completed 
within tho short space of time mentioned above, and by tho aid 
of flowerful and ingenious machiuory requiring only the labour of 
four men to effect tho various necessary changes and adjustments. 

The hydraulic press is of very great power in compressing 
bodies or lifting weights; or again, in drawing up trees by the 
roots, or piles from tho beds of rivers. Its power in compress¬ 
ing woollen and cotton goods is well known, and reducing hay 
to ppeh dimensions os to bo cosily packed on board transports. 
Tlio jS'esR acts cm tho principle of the philosophic toy called the 
Hydrostatic Paradox. When Pascal, in 1653, was pursuing 
his experiments on the weight of tho air, in order to determine 
tho general condition of tho equilibrium of fluids, he fixed to 
the upper ond of a cask set upright a very long and narrow 
cylinder. In filling the barrel, and afterwards the cylinder, 
the simple kdditjou of a pint or two of water, which the 
latter was capable of containing, prodnoed tho same effect 
as if tho cask, preserving its diameter throughout, had its 
height increased by the whole length of tho cylinder. Thus 
tho increase of the weight of a pint or two of water was 
sufiScient to burst the bottom of the hogshead, by the immense 
augmentation of tho pressure it occasioned. Now, if we sup¬ 
pose the water removed from the cylinder of narrow dimensions, 
and replaced by a solid of equivalent weight, such as a piston, 
it is evident that tho pressure must remain evoiywhero the 
some. Again, if wo suppose tho weight of the piston to be 
multiplied by tho power of a lover acting on its sh^t, tho pres¬ 
sure will be proporrionaUy augmented, so as to produce on the 
bottom of the cask a pressnzo equivalent to an enon&oiu 
weight, vrith the exertion of very Uttlo primitive foroo on the 
piston. (“ Notes in various Scienoes,” 1327.) The most lemark- 
able part of this disoovery, and one which of itself vrindd have 
immortalised Pasoal, is his application of the general principle 
I to tho oonstrnotiQn of what he calls the meehanAeal machme for 
multiplying forces, on effect which ho says may be produced 
to any extent we choose, as one man may by moaiipteCthia 
maobtee raise * wei^t' of any magnitude. Tba new mawnine 
ifl tbe hydraulic pxeaa of BranuA. 
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\ How invo&ton help oooh other is well shown in Hie share 
Maadsliiy took in producing the hydraulio ^ross for Bramoh.- 
ICandslsy at once invented the leather oollar, which, on the 
principle of a valve, tightens under the pressure of water, 
‘'hbudslay himself told me,” says Mr. Nasmyth, *^or led me 
to believe, that it was he who invented the self^tightening 
oollar for the hydraulic press, without which it would never 
have been a serviceable machine. It is the one thing needful 
that hoe made it effective in practice. If Maudslay was the 
inventor of the collar, that one contrivance ought to immor¬ 
talise him. He used to tell me of it with great gusto, and I 
have no reason to doubt the correctness of his statement.” It 
was after this invention that Maudslay left Bramah, because 
the latter would not raise his wages beyond thirty shillings. 

It has lately been stated in the Engineer journal that 
“ Bresses erer^g a force of 500 tons, and having ranges of 
10 feet, 12 feet, or oven 15 feet, and being capable of exerting 
the above force at 'any part, of the stroke, are by no means 
uncommon. We do not stretch a single point when we say that 
no arrangement of screws or levers could supply us with a press 
of equal range, power, or speed. It is not that an arrangement 
of levers oo^d not be planned quite able to exert the strain of 
which we speak; but such an arrangement would lack all the 
characteristias which are essential to a mechani(»l device 
intended to servo the purpose of manufacturers. For example, 
hod tbe-worfc done in raising the tubes of the Britannia Bridge 
been performed by a simple lover, one arm must have boon 
448,000 times longer than the other, and to enable a pound to 
raise the weight through 100 feet, the pound must have passed 
through space for a distance of 83,522 miles. In simplicity, in 
cheapness, and in efficiency, the hydraulic press stands totally 
without a rival. Whether assuming the form of the gigantic 
apparatus employed in bending armour-plates, or that of a little 
30 owt. jack, it is equally compact, inexpensive, and elegant.” 

In Hie Museum of the Commissioners of Patents, at South 
Kensington, is deposited the “First Hydraulic Press ever 
made.-^ 08 eph Bramah, Letters Patent, a.d. 1795, March 31. 
No. 2,045.” 

Next among Bramah’s inventions is the well-known beer- 
machine, of universal adoption in taverns, for drawing liquor in 
the bar from barrels deposited in the cellar, by means of a 
force-pump. He also improved machinery for producing smooth 
and aoonrato surfaces on wood or metal; in making pons l^y a 
meohaniool proocss, by which several nibs, resembling ^el 
pens, were out out of one quill, and fixed in a holder for use. 

In the year 1808 Bramah contrived on exceedingly ingenious 
mode of printing, which was shortly afterwards applied to the 
numbering of bank notes, and by the introduction of which, 
daring the issue of one-pound notes by the Bank of Engknd, 
the labour of 100 clerks out of 120 was dispensed with.* This 
machine oonsists of a number of discs, or wheels, with the 
numbers from' 1 to 9, and 0 out upon the periphery of each, the 
whole being mounts upon one axle, but capable of turning 
independently of each other. By the action of mochanism, 
which is inca]>able of error, the position of one wheel of tho 
series is moved between each operation of printing, so that 
when the machine is properly adjusted it will print a scries of 
numbers in regular progression, without the possibility of twiee 
producing tho same number .—Penny Cyelopcedia Supplement. 

In 1812 Bramah patented a soheme for laying mains or 
large water-pipes through tho prindpal streets of London, of 
sufficient strength to withstand groat prosBure, to be applied 
f by foroe-pmmpsj his object being to provide tho means of 
extinguishing fires by throwing water without the .sad of a fire- 
engine, and also to supply a lifting power applicable to tho 
raising of great weights, by forcing water or air into an appa¬ 
ratus aonsistlng of a series of tubes, sliding into one another 
like the tubes of a telescope, and capable of being projeoted 
when neoessaiy. He assorted his ability to make a series of 
five hundred sneh tubes, each five feet long, capable of sliding 
withhueaoh other, and of bring extended in a few seconds by 
the pAssure of air to the length of 2,500 feet, and with such 
aa apparatus he prqpoaed to raise wrecks and regulate the 
descent of wrights. By. the oourtruotion of some waterworks 
at Norwich, l^mah With sscoesB in the department of 
t he tritfl ewripegr. 

" Mj^sletiiTe life ot this isgedoue man was now drawi^ to its 
■tmH' ' 'Tkt but peitaDt bmawd baa inu for a mode of pre¬ 


venting dry rot in timber, by (xavemg it with a thin coat of 
Packer's Homan cement. He may be said to have died in 
harness, in consequence of cold contracted while auperisiending 
the uprooting of trees in Holt Forest by his hyfficaulio press, 
on the 0th of Beoember, 1814, in his sixty-sixth year. He was 
a man of amiable private ohartuiter, and 1^ energy rad probity 
in bnaideBa were alike admirable. His works in Belgtave 
Place, Pimlico, were described in 1817 by a borne tourist as 
“ the manufactory of the ingenious Bramah, whose locks baffle 
knavery, rad whose oondonsing engines promise such important 
results to philosophy rad the meohauio arts.” 


FISH CULTURE.—Vir, 

Bt Queviuj: Fenhsix. 

THE BTORMONTFIEUO BREEDINO PONDS AND APPAKATUSr- 
BUITABLB FOOD FOR NEWDY-HATCHED BROODS, STO. 

'Wsi now turn to the present year’s report upon the Scotch 
salmon fishery, and learn much in tho lesson whioh Stormont- 
field has afforded of late, that may have affected fkilnres else¬ 
where. We give tho text entire:— 

“ Stormontfield is now so well known to salmon onlturists, 
that,” says Mr. Bnokland, “I shall not attempt to deaoribo 
details. Suffice it that boxes of wood ore snqk into the ground; 
water is conducted from a neighbouring mill-ladc, allowed to 
pass through a filtering pond, and then flows through the boxes ; 
the water is then conducted into two largish ponds. Without 
wishing to dotract from tho meritorious painstaking and ex¬ 
pense of those who have instituted and worked the hatching 
apparatus, I venture to remark that the whole prooess, as now 
carried out, is capaVda of groat improvement. 

“ The principal faults of the Stormontfield brooding-plaoo 
ore— 

“ 1. That the stones in tho boxes are a great deal too large, 
and there are too many of them in 
each box; the result is, that the eggs 
whioh fall down to the bottom of the 
box among tho stones do not receive a 
Buffirient current of water over them. 

“2. Many eggs not properly im¬ 
pregnated in the first instance—^tech¬ 
nically called ‘blind eggs*—die, be¬ 
come white, and are covered with a 
mildew like fnngns, which ia very de¬ 
trimental to the healthy eggs, and also 
to the young fish when just hatched 
out, for it is very apt to give the fish 
also a fungus disease about the gills, 
oalled ‘ gill fever.’ 

“ That the dead and fnngas-ooverod 
eggs were still at the bottom of the 
boxes among the big stones long after 
Pig. 18 .— DTnsctrs nau- hatched out I satisfied 

*' QiNAus. myself by personal examination. 

” 3. Iffie Kttle fish which hatch out 
properly must, I think, often have difficulty in getting out from 
under the big stones when their umbilioal bag is absorbed, and 
tho time arrives for them to feed. I saw several fish among 
tho. stones which were half starved. It is inq>os8ible to feed 
these fish when among the stones. 

“The fish gradually fall back from the hatohing-boxes into tho 
ponds. This, I think, is wrong. The ponds toemsriveB were 
full of dense banks of weeds, an4.«' eomparatively small space 
was left open for tho fish, which, as ia the habit of fish, had 
accumulate near the spot where the renning water from tho 
boxes acmes in. Iffieso weeds must td necessity breed numbers 
of predatory water-beetloa, Dytiseui margtnaKs, sod to my 
personal bowledge there are no greater ouemies to young fish 
than these beeHss. 

V '* The fl^ in these ponds musfbe fed sxilfiri^ly. I do not 
oaasider they have student food, rad it muat be reorileotod 
that the food which escapes them falls to the bottom, rad when 
decaying fouls the water. The remedy for this is to tqra 
oonuttem enw-fith to act as soavexigers. 

" When the migratory iastinot pmupte tha young fish to 
dMcend to the tea in the epriof moii:^ they ate enabled to ^ 
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laam ^ ponds sad get into the river by means of an attifioial 
<.ti«.tiiiel out from the ponds to the river. 

“1 frel qnite oertain that a large number of smolts, hatohed 
out snob expense and tronbloi do not get down to the sea 
at a^ pihe assemble at the month of the little stream 
down whioh the yonng smolts come, and eat a very large 
quantity of them, so ti^t mnoh time and money is expended 
simply for the bcmefit of the pike; I do not, I confess, know 
that this is the case from my own observation, but 1 feel moat 
oertain that it mnst be so. 

“ To obviate this mischief, I have strongly recommended the 
Tay Pistriot Board to have the river at and near the stream by 
means of whioh the smolts join the river netted regularly under 
proper snpervision twioo a day during the time that the smolts 
ate on their downward march. 

“ The mesh of the net should be small, in order to catch the 
pike; all salmon and salmon smolts must, of course, bo imme¬ 
diately and carefully returned to the water. 

“Great praise is due to Mr. Peter Marshall for the manner 
in whioh he looks after the hatching apparatus; also to Mr. 
Brown, who suporintonds them ; both tboeo gentlcmuu do credit 
to the memory of the late Mr. Bobort Buist, who was the 
founder of the first ostablishmont in Scotland for roaring salmon 
by arlifioial moans. 

" Still I say, as is my duty, that the Stormontfiold apparatus 
is capable of great improvement; and this— 

“ 1. By using gravel sifted through an iron sieve with a half- 
inch mesh. The eggs should be placed on the top of those 
stones—not, as now, buried under the large stones. 

“2. By covering the boxes with boards, so as to keep out 
the light. - 

“ 3. By netting the pike daring the time the smolts are going 
down. 

“ 4. By keoping the ponds clear of weeds ; this will be best 
done by drying them entirely. Fish alwaye do best in a pond 
whioh has been dried and re-filled with water. 

“ 5. Best of all by sending the fish to the upper waters.” 

If properly managed, 80 to 85 pcsr cent, of fish will hatch out. 
These leqniro six times tho space as tho eggs. From tho 
time of the absorption of tho navel-bog, the opinione and pro¬ 
ceedings of the managers differ. Some say that with this the 
artifieial oultnro terminates, and placing tho brood at once in tho 
selootod water, they leave them to their fate. They say feeding 
of the young fish in enclosed spaces has only tho value of 
scientific experiment, but is objectionable for practice on a 
large scale; to make fish into domestic creatures, and to keep 
trout in washing tubs, is just ue foolish as to keep doer in a stable. 
This is illogical; for why do wo take the eggs bnt to protect them 
from their numerous enemies P then ■why not protect tho tiny 
fry from its enemies until it can take its o'wn part P Otimrs 
consider that the little fish, before they are turned' out, should 
he fed in enclosed plaoes. After the loss of the navel-bag they 
immediately feel the want to food, their movements become 
lively, and they require more water to find more ait for their 
breathing. All sorts of nourishments have been proposed, 
according to the method and experiments of Coete, Jourdier, 
«to., and apparatus for mincing it, to feed tlie fish for a shorter 
or longer i^e before turning them out. Mr. Hartmann says“1 
will only remark that every process by whioh tho young fish 
have other than their natund, that is, living food, given them, 
18 under every oiroumstanoe to be rejected. Clotted blood has 
been forced through fine squirts, in order that it should have 
a wotm-like appearance; small minoed flesh ; liver or calves* 
brains made into a paste by kneading with the fingers; boiled 
meat or bullock’s heart high dried and then rubbed or grated ”— 
sad, it might ha've been added, the white of egg, oussard, boiled 
pea»;padding, and many fancy feeds all invented with the 
best inten'tiema, and if not positivoly mischievous, at least good 
for nothing, We are not here feeding tho carp teibe—whioh 
^uld gla^ receive and gratefully get fat upon such offerings— 
bnt, as Mr. Hartmann says, a clau of rapacious fish that feed 
■Jmost solely upon living food. A ohirf evil is, os wo have 
olsewhere stated, that all food whioh is not immediately 
devontod, ■when thrown in rinks to the bottom, and there forms 
O' shiny potrefying layer, whioh ocnapta the water, and 
^y oense ■ttio dMth of the brood. ISie frequent removal 
w i^Myiag etoff is of little or no use, irroapeotive that 
suoh etuikiBg riitdf maat be iejurions to every fish that m^r 


ohonee to swallow it. ThMe Hve in freedom on the smaB . 
oreatnree—^wornu, inseets, eto.-<-whibh keep about the aqnatie ' 
plants. In confinement a suitable food can always be procured 
in any quantity, by throwing into the pond the wril-knovm green 
■water-weed, ^tween the roots of which innnmetable water 
creatnxes live. In freedom, the smaller water iaseots, partioa- 
lady amall shrimps, afterwards insect lorvm, and wmos, form 
their ohiri nutriment. The fine speoimens of grayling trout 
end salmon trout, shown with pride at Huningnen as the result 
of aiidfioial culture, do not oontrodict our opinion, beoause it is 
not known, or is kept secret, from how many thousand hatohed 
fish the few shown specimens remain alive. Mr. Buokland 
conaiders that with all the numbers of ova which have been sent 
to Tasmania by himself and Mr. hVanois Francis, if two or three 
remain olive as adult salmon it is a fair result. They axe 
certainly right who coneider 'the feeding in enclosed spaces endy 
as a Boioutific experiment, bnt to be rejected for practice; bnt 
there is a great difference between sending creatures at onoe 
amongst -their natural enemies ■who are waiting for them at 
every outlet into tho main stream, and keeping thorn shut up in 
comparative bondage. A moan between the two would occur 
to most sensible people—plenty of room, natural food, and pro¬ 
tection from jack, porch, and other devourers of so 'tender and 
dclicions a morsel as a young salmon. But then we are mot by 
Molin, vrho says, “ It only requires any one to attempt to provide 
the proper quantity of living food when there are 30,000 or 
40,000 fish to be fed, to bo convinced that this is not prac¬ 
ticable on a large scale. To those -who doubt it I will say, that 
Coste saw four trout, each 25 miUimetros long, in loss then 
five days devour about 30,000 perch embryo.” “ ITie immense 
destruction which yonng Bbino salmon and trout can commit 
amung the ueedlo-like transparent brood of perch and white fish, 
which shoot about their ponds,” says Harianann, “ I have re¬ 
peatedly seen myself; but it is just these attempts at feeding 
which have convinced mo that, without too much cost of -time 
and labour, the natural food could be obtained for many thou- 
sonde of yonng fish: of course -this is assuming some knowledge 
of tho lower insect world inhabiting tho water. If we closely 
examine the water at all seasons, even in -winter -under tho hard 
frozen ico covering of a lake, pool, etc., we find, even with tho 
naked eye, an active life of oil eorts of little creatnres S'ximming 
about, giving quite a greenish, brownish, or reddish colouring -to 
it.” It is therefore clear that Mr. Hartmann considers there 
exist other more rational courses than at once to turn tho 
young trout into deep waters to fight the battle of life so ares- 
matched by their enemies, by whom tho stream is oertain to 
bo ooenpiod. In the food of the trout, to which allusion 
has been made, the naturalist will find members of the olasaes 
Crustacea, broohiopoda, and entropostraca. Of tho brachiopoda 
ho Ihi^s the water-flea (Cladocera), with the species rida and 
daphnis; and astrocodoa, wi-th the species oypris; the copepoda, 
with the species cyclops. Tho largest of them ore somewhat 
more than a line long, but tho smallest are hardly viriblo to 
the naked eye. Tho majority have only one large eye in the 
middle of tho head, and two i>air of strong feeler horns, which 
specially servg for their active movements. Many have bushy 
-tails, others are tailless ; with some ore seen eggs lying in eon- 
sidomblo numbers inside behind tho transparent shell of the 
body; others carry their eggs outside in a small bag fastened 
to tho tail: in others—tho minoriiy—-there ore no eggs, these 
are the moles. The young have a different form of body from 
the old ones. Tho development and propagation of these croa- 
tures is very remarkable, and aaoonnta for their being increased 
in such wonderful quantity and found everywhere. From the * 
earliest spring only female water-fleas are seen, and these lay 
eggs through the whole summer, whjich produce fresh broods 
without being impregnated. This -process continues with -(he 
young, whioh soon attain the form and size of the mother; the 
same proeoBs is repeated, and hence it happens that tho number 
of the posterity of a single water-flea in tho course of a -worm 
season is so enormous os to bo quite bewildering. The males 
appear first towards the antumn, and now the femalel, after 
preceding impregnation, lay the so-called -winter eggs, which 
are enclosed two by two in email poreels in a tough protecting 
case, in whioh they remain, in spite of the water drying up, and 
frost, throngh the winter. These lower creatures, then, forming 
the first food tor the fish brood, oan any one say that thili*lvder 
is not Muply stored, provided we find the proper water and 
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wiBKUa jdaata for inaeot ■ geseratioa and moreaae F and, thia 
adx^Uiedt is there any other exonae worth refataction fox tha 
paaatioa ot taming the fry out at oaoe into the open deep F 

We ai4 told that Frofeasor Jager waa sammoned aevexal yeara 
ago from Yienna to the fiah-qultore eatabliahment of Baron 
Itothaohild at SUeeia. The manager had informed him that out 
of 20,000 tront hatohed, ehortly after beginning tb food them 
wiUi braina and blood, they oil beoamo suddenly aiok, except 
about 200. Thqr had beeomo indolent, had a i>Bllid appearance, 
and, in spite of the greatest care, the death of the whole brood 
was to be feared. After his arrival (it was in March, a coyer* 
ing of ioe lay partly on the waters) Jager at once peroeived 
what was wrong. He went to a ditoh, and obtained, by means 
of a fine muslin hand-net, a largo quantity ot these water 
exeaturoB, and threw them into the pond of the sick fish. On 
hia return he said to Mr. Hartmann, with joy, like a doctor 
that has dnoeessfully performed a diffienlt cure, " You should 
hove seen what a change took place in the fish at once! They 
swam about brisldy, and snapped continuoUy at the water-fleas, 
whioh were before Ihoir noses; only a few had already become 
BO weak, that they could not toko part in the chase with their 
oomtades, and therefore died. But the others visibly recovered 
from minute to minute, their hollies wore full and round, the 
■iokly thickness of head disappeared, the pallid bodies regained 
the dark healthy colour, and when the next day the feeding 
oare was repeated, with the exception of a few deaths, the whole 
ware carod.'’ Fourteen days after, during which the brood was 
properly fed, they oould be turned out with safety. The above is 
not alone of great importance to the fish hatcher, but to all 
owners of valuable trout fisheries. If the natural food of the fish 
is Boaroe—^perhaps rendered so by a too groat fastidiousnoss 
in the removal of weeds—the fish will get lank, bull-headed, 
and sluggiBh. Indeed, in one portion of the Wondle, the trout 
—which ate too plentiful oven were the stream full of in- 
seot food—for tho want of a duo supply of the latter, were, in 
August; 1871, aa black as they would be in Februaiy, instead 
of being plimp, fat, brilliant, and aotive as they ought 
to be. 

. Hartmann, commenting upon this anecdote, sayB it waa not so 
Muoh a matter of scientific experiment as that of tho practice 
of fish anlture on a large scale. And then ho goes on with very 
many valuable foots in oorroborajjion of his views. He main- 
toinB it ia not desirable to tom out the brood immediately after 
tiie losa of the navel-bsg. During tho whole of the navel-bag 
period, whioh, with these noble fish, lasts as long as tho embryo 
time (four to six weeks), tbo littlo fish lie together in thick 
Basses, generally motionless, on the dark bottom of their breed¬ 
ing piece, only fanning qnioldy with tho large brooBt-fins, for the 
purpose ot renewing the water necessary for their respiration. 
At this time they t^e no food at all, os they obtain it fr^nf the 
navel'bag itself, because this ia in connection with tire intestines, 
into which it is gra^dnally absorbed and digested. Then tho 
little oreatures become lively, seek the light, and the places 
where the water ia most in motion. They do the same in the 
stream ox rivor j bnt woo to the weak whihh g^t into the strong 
ourrent 1 many ore carried away. In most years t^e thaw of the 
enow ooeuxB just after tho turning out, and then, when the 
toooks and streams are swollen, tho fish suffer most. Many meet 
&«ir deotii while, left to themsolves, they learn to seek their 
flood. This ia the chief reason which is against turning them 
out tinmediately after tho absorption of the navel-bag, and why 
Huj should be fed during their oorliost youth in enololBd places 
ate strong. After the disappearance of tho navel- 
bag timir roquiremouts are different than in the pievians period 
of development. They now require for their growth and thriv* 
tag not only food, bnt diroot daylight and water warmed by tho 
nya of the ana: while on the previous period of develop¬ 
ment, dgrtaieasi imd cold water are important essentials. For 
the feeding of the brood ponds should be used wbioh may be 
easily, quioUy,' and thoroughly suporintondod and kept in o^er. 
Three oonditions are naceesaiy: there must be ample space for 
tits inAemenia of the brood, there must be sunny and shady 
plaioes, the water most dronlate in them, so that an eqna} distri* 
bntimi ot the food may be effected, and a crowding of the fish in 
puetiflular places prevented. ""In my opinion," says Mr. Hart- 
UlUhWj '‘f I tiiink the arrangement of &e feeding-places should be 
ni llgliffilir^At a spot shaded by ixees, not too far from the 
taeWiafd»aM,« aundier of baatas ahonld be laid down, whioh 


OM Bupplied from one oomoe. Some points must be observed 
in the arrangement. The water-cbaxinela which bring the dif¬ 
ferent basins into oommanication must be so placed that the 
water runs through tiio whole equally from the first to the lost. 
I would have oblong-shaped basins, eooh with a suifaoe of about 
six Square feet, and one foot deep j in each the water mutt bo 
between six and nine inches deep. This riuipe has the advan¬ 
tage over others, beoBuso tho water oan be made to revolve; and 
tho food bo equally distributed. A basin of the above siao oou 
receive 6,000 fish. Tho feeding ot the young fish should oon- 
tinne, at least for eix or eight weeks from tho time they begin 
to oat, from about tho middle or end of Febrooty, to the midi^ 
of ApriL" 

Daring tho first fourteen days the smMl water oreatures above 
mentioned must bo tho sule food of tho brood, and the manager 
must give hi.s chief attention to procuring the suffioiont quantity, 
as the final sueoesa depends on tho fish getting over tho first few 
weeks in a healthy condition. No one who undertakes fish onl- 
tore Boxiously should permit himself to be deterred by the diminu- 
tivouess of tho oreatnres mentioned, of the innumerable,quantity 
of whioh in oil standing waters be probably has hitiimrto hod 
no conception, or by the preconceived idea they cannot be 
obtoiued in snffioient quantity. Mr. Hartmann suggests that he 
should make tbo trial with a amallor number, about 10,000 
young trout, and have two or throe feeding basins made. Tho 
most simple mode of coUeoting tbo food is by stretching a 
square piece of linen on four laths at tho edge of tho water, and 
then continually pour water from tho pool with a ladle. Tho 
littlo animals will bo retained on tho cloth, and by a boy or girl 
continuing this work for one or two hours, a daily provision for 
10,000 small trout may bo obtained. After fourteen days, tho 
end of February, or beginning of March, ho may use ouarser 
food, for whioli two sorts of inaeot larvin, one found in running, 
tho other in stagnant, water, and a sort of water-worm. At the 
oommenoemont of spring there is found everywhere in brooks 
and rivulets, on the blades of gross hanging in the water 
and driving about the water,* tho lorroB of the SimwUa. 
Frequently a stalk is quite covorod with them, to whioh they 
aro attached with a fine thread. With some practice, in on hour 
or two as many of these plants covered with larvee moy be 
coUeotod us will sorve to feed 10,000 trout. These larvaa beoome 
afterwards tho midges whioh annoy men and cattle. 


SHIP-BUILDING—X. 

BT W. H. WHITE, 

Follow of the lioyal School of Haval Architecture, and Member of the 
Institution of Naval Architects. 

THE SKINS OP WOOD AND COMPOSITE SHIPS. 

Hxvuio briefly sketched the prinmpsl featnxes of the framing of 
ships, wo now propose to notice the chief methods of {uronging 
their skins, whioh are perhaps the most important parts of the 
straotores. Yessela have been built without framing, bnt every 
vessel, however constmeted, must obviously have a water-tight 
skin in order that shomay keep afloat. As both wood and oom- 
posite ships have their skina formed by assemblages of wood 
planking, it will be convenient to take these two olassea first, 
and aftoiwards to notice the skins of iron ships. 

The planking on the outside of the frames of wood Miips is 
usnolly worked in ouo thiokness, and formed of sMUres varying 
from, say, 8 to 12 or 14 inohes in breadth; tho lengrth of 
the individual planks usually tying between IS or SO and 
24 feet. The ordinary practice, it need soszcely be aoid, is to 
place the planks with their length longitadinally, so as to cross 
the frames at right anglos. Two ounsidentions neoessarily have 
to be borne in mind by the riiip-builder in forming the ato offi- 
cionily, via., (1) tbo arromgement ,or MapoiiHon the planks, 
and (2) their fastenings. We will glance at eooh aeporatoly, and 
in this we shall be aided by the sketch in Fig. 27, whioh shows 
on outside view of a pomon of the^laaking of a wood ship. 

In mranging the pbnking it ia us^ to emphqr eitiior a model 
of the vesB^ or on " expansion dift’itMg ” of tiio outside, and 
upon it to d»W the lines ropresenting. the edges of the various 
strokea of planking. Tbeae hues would be eo ptaoed as to admit 
of the breads of plank required being readily obtained, and 
also to allow the plan^ to be wronght upon w framing with 



BBIP.BUILDING. 


206 


ijie lamb Kmoant of diffionlty. Nert oomei ibo rery importamt 
itep of plftoing. or “abiftang'' the botta of the plaaks, in doing 
irhioh greet cere is required. It baa already b^>n pointed out 
that plain bntta, anoh os are abown by B, b, in Fig. 27, ol- 
fhoagh well oaloulated to tranamit compreaaiTe strains along 
the strakea wbero they oogor, are not at all efficient against 
tMurile atraina, and consequently it ia moat important to get 
as many paaaing or unbroken atiakea as possible between 
ooneeoutiTe butta lying on the same tranaverse section. Tnm> 
ing to Fig. 27, it be obaerrod that the butts (b) are placed 
upon frame>timbere, and that there are no less than three passing 
•atrakes between oonaeoBtive butta. This disposition is always 
mode in the Government service, and generally adopted in 
merchant ships. It is noteworthy too that if tho eye is carried 
from the butt of one strako to the nearest butt of tho sirako 
next below it, and so on, it is impossible to pass from butt to 
butt by a series of “ steps ” of equal length and ranging in tho 
same direction. This fact is important, because wood ship¬ 
builders nniveraally disapprove of shifts of bntts where “ steps” 
ooour. In tho Government aervioo the minimum distance be¬ 
tween tho nearest butts in adjacent strakos is usually six feet; 
in merchant ships this distance is often not more than live foot. 

Tho outside planking of wood ships is not usually of 
uniform tfaieknoss from the garboards to the topsides. Tlio 
thickest planking, termed “ tho wulus,” is generally placed near 
tho main-breadth of tlio vessel, and in the neighbourhood of 
tho load-line to Which she floats when fully equinped. For 
some distance below tho wulcs, in tho Government service, it 
is usual to have what is called diminishing stuff,” an assom- 
hlago cf planking of which tho thickness is gradually dimi- 
mshod, until it equals that of tho “ bottom planking ” proper, 
which extends between tho garboards and tho diminishing 
stuff, In merchant ships tho bottom planking is generally 
of uniform thickness from the wales downwards ; and from 
the woloB upwards it is also uniformly thick, being gene¬ 
rally a little thicker than the bottom planking, but not so 
thidc os tho wsles. Tho names given to tho planking above tho 
wales in mexohant ships are “ sheor-strakes ” and “ topside plank¬ 
ing.” In wood ships of wgt having ono or more tiers of guns, 
thoro ore necessarily special assemblages of planking above the 
wales, bearing special names, suoh as ”ohanuel-wsles,” “sheer- 
strakos,” etc., besides the short planks fitted between the port¬ 
holes where the guns are fought; but respecting these it is not 
necessary to say morchcro. 

Although Fig. 27 illustratos a comiuou arrangomeut of tho 
skin, in whioh planks are “fair-edged,” it does not represent 
tho only method adopted. . With wood as tho material employed, 
tho builder has to oonsider its economical “ conversion ” as 
well as its good combination, and in providing thick oak planks 
for the wales he sometimes finds it advantageous to adopt one 
of the plane represented in Figs. 28, 29. The first of these, 
“top-asd-butt,” ia more commonly used, and is especially 
suited to Fnglieh oak planks, which, from tho form of the tree, 
can be best provided wider at one «nd than at tho other. It 
wffi be remarked that the broadest part of ooch plank is 
aitoatod at one-fourth of the length from one end, and that tho 
breadth at the butta ia only about two-thirds ^e maximum 
^>'Mdtb. The planks of two adjacent strakos are so fitted 
to one another, that their outer edges ate parallel, and there is 
obviously no diffionlty whatever in carrying out tho shift of bntts 
Ulnstrat^ in Fig. 27. Greater care is required in fashioning 
plaaks worked top-and-butt, than is needed on tho ordinary 
plan $ but idiis is probably more than oompenaated for by the 
■wing in oonveraion, especially with very thick plonk. 

The other plan iUustrated in Fig. 29 is not nearly so 
MODomioal in oonveraion as top-and-butt, nor is it so common. 
Its tUM may, in foot, be said to be abnosi oonfined to assemblages 
of flanking where there are but few strakos, and where a good 
longitudinal tie is required. For exMoaple, in some lino-of-battle 
■ups the ohannel-wales ” (a term requiring no explanation) 
BOd ahesosstrakes have been pluiked on the “ a.’ichor-stook ” 
^an j sad it ims been usedsboo for some parts of the inside plank- 
Two atrakes nutice up a parallel strip, as in top-and-butt, 
the gra«f^ breadths of the individual planks are here 
plooed at tim middle of their length; tho butts are eooh about 
t^titizds of the manimum brei^th at tho middle of each 
sya»netrioal form thus produced has given the 
OiBw of ** Baohor-stOdc” to the axnngement. 


So far attention has been oonfined to the outside plrnddag, 
and but little need bo said reepeotiug that worked insi^.tiisf 
frames. The latter does not always form a oomplete skin hke 
the former, but it is norcrthelese of consideiahle importanoe 
from a struotnral point of view. Between the do^ it is usual 
to work thick plonking, named* ** olamps,” “ spirketting,” etc. $ 
several atrakes of olamps are also nsr^y worked in tho bdd 
directly beneath tho lower deck. Tho 'remainder of the inside 
planking in the hold is generally made np of separate ajssemblages 
of thick “ binding strakos,” with tho spaoos between them 
covered by thitmor planking termed “ceiling.” In different 
vessels different plans of arranging the binding strakea are 
adopted. One of the most common is to have two or three 
thick “ limber-strakos ” on each side at a short distance from 
tho keelson ; and to associate these with tltroo or four strakea of 
plank worked over tho fioor-hoads, or the first-futtook heads, or 
over both if tho vessel bo of largo size. In tho Government ser¬ 
vice it has been customary to fit, at intervals, strong diagonal 
planks, named “trnssos,” between tbo lowest strako of the qlamp, 
and tbo uppermost of the binding strakea npon tho first-futto^ 
head. Those wodl trusses have been placed at right angles to 
tho iron plate-riders worked upon the frames, and when a second 
sot of riders were used they wore made to lie along uimn tho 
wood trusBOB, which thus gave tliom a fair bearing in the spaces 
intervening between the lower-deck clamps and the binding- 
strakos. Morcliant vessels arc not usually built with trusses, 
bnt the spaces between the limber-strakes, binding-strakes, and 
clamps ore covered with thin ceiling worked longitndiuaUy. In 
some cases tho coiling is placed diagonally to give greater 
strength. Iliin ceiling is used also in the Govenfment service, 
but fitted rather for protection to tho timbers than for any other 
purpose. 

In order to make tho internal planking strengthen tho strnctnro 
as much as possible, care must bo token in shifting its butts, 
having respect not only to tho particular oseomblugus of which 
it oonsista, but also to tho butta of the ontside planking. To 
strengthen the ties formed by tho binding-strakes, etc., it ia aot 
uncommon to dowel them to the frames, and this connection 
obviously mokes them more efficient against tensile strains. The 
contrast between such modes of giving longitndiusl strength and 
that previously described when dealing with the framing of iron 
ships cannot, however, bo overlooked ; and in some of the modem 
ships of tho navy iron hold-stringers (formed of plates and angle- 
irons) have been aubstitnted for wood binding-strokes, in order 
to gain equal atrongth with a leas cumbrous and weight 
combination. i 

Attention will next bo directed to the faBterikigs of the skin- 
planking of wood ships. These usually consist of through-bolts 
and tree-nails driven tbrongh tho planking and timbers, and also 
thfough tho inside planking in woke of them. Iron and copper 
ore tho materials generally used for bolts, the iron being some¬ 
times “ galvanised ” or coated with zinc to preserve it from 
rust. Many merchant ships have only iron bolts; but copper 
bolts are to bo preferred for at least too under-water portiooa, 
especially when the ship’s bottom is sheatoed with copper or 
mixed meta^ as, there is then no chauoo of golTsaue sotion being 
sot up, such as is almost certain to occur if iron bolts are used, 
and to lead to tho rapid wasting of the bolts. The tree-rtsils are 
long circular wooden pegs, usually formed of oslc or some h^rd 
wood, and driven as tightly as possible; when in pjaoo, tlie inner 
and outer ends are caulked in order to inoieaoe their holding 
power. Tho ends of toe bolts ate usually “ olenohed ” upon 
rings which are let into too'planking, so tluA they may have a 
good hold. _ * 

Various methods of combining bolts and tree-nails as fastenings 
to top planking have been end still are used. It would bo tedious 
to go over these in detail, and instead of doing so thteo of the 
principal plans have been illnstrated in Fig. 27. “Single 
fastening,” whioh Lloyd’s rules permit for planks 0 inches in 
width and under, consists in having either a holt or tree-nail in 
each timber, adjacent fastenings ooming on opposito edges of 
the plank. “ Doable fastening,” used for plonks exotoding 11 
inches in width, oonsista in having two bolts or tzee-nailain each 
timber. “Single Snd doable fastening” is an iatmnediate 
arrangement, and is used for planks from 8 to 11 inches in 
width. In each mode of fastening it will be remarked that the 
butts of the pluiks axe seoured by two bolts, one fUuilsr'%x>agh 
too timber npon whioh the butt oomes—or. as it is termed, toe 
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“botMiiiibar '’•~Huid the other dnTen tfaroui^ the adjacent has been made ^th the work on the insido—^in ednseotion with 
t timber. In come mwohimt chips only one ^ these bolts is fixing the deck beams, sheU.pieoes, waterways, hooks, inside 
driven ihrongh, the second being merely drivetttnio the timber, planking, etc. etc.—as enables the builder to see what addi- 
Oareterring again to Fig. S7 it will be observed that while tree- tional fastenings arc required. Many ..through-bolts are re- 
naila form toe bulk of the fastenings away from toe butts, bolts qnirad to secure beam-knees, riders, and the various internal 
MW indicated at intervals of 5 or 6 feet in each of the methods stren^henings, and these are so driven as to make good 
of fastening. This is the usual arrangement in the Oovemment fastening in the outer planking also. Afterwards, when toe 
service, but is not commonly adopted in the merchant service, work of “squaring off” the bottom is undertaken, other fasten- 
In fact, Lloyd's rules only insist npon the butt-bolts, and iMve ings needed to complete toe seonrity of the planking are put in. 
toe renwinder of the fastenings to the disoretion of the bnildw. It will not be forgotten that toe inside planking is mainly 
offering him a longer term of classification as on induoement to seoured by the bolts and tree-noils seonringtoe outside planking: 
use copper or mixed metal bolts instead of iron bolts, and to do where ad^tional fastenings are seen to be required, short dumps 
. away with a great part of toe tree-nail fastenings in favour of are generally employed, 
copper bolts. The butts of toe planking are oonfeesodly weak places, the 

Much discussion has taken place respeo^g toe relative evil of which is diminished greatly by shifting them carefully, 
merits of bolt and tree-nail fastenizig, and opinion is still divided but not removed. Builders are f^ly alive to this fact; and, in 
on the snbjeot. tbee-nails have toe advantage of cheapness and toe Government service especislly, attempts have been m^e to 
Ughtness, and also appear to bo less likely to force tbeir way strengthen the skin in wake of the butta at parts whore it was 
into toe planking when the vessel is straining. The latter point oonsidored of too greatest importance to prevent working. An 
has alxaidy been touched upon in an earlier paper, where it was example of an arrangement commonly followed in fittoig too 
shown tizat bolts boizig so mnoh harder than wood must make it wales and thiokest planking cf wood ships-of-war is given in 




yield in wske of them when the Btruoturo is subjected to tensile Fig. 30. In too passing-strakes next above and below too 
utrsins; but the tree-nails are not nearly so hard as the bolts, butted-etrake, and in the timbers on either side of that on which 
and are besides of greater diameter, so that the wood in wake of the butt is placed, four dowels (i>, n) are fitted, in addition to the 
them would not be so likely to yield. Bolts, on the other hand, through-fastenings. Ihe aid thus given to toe butted-strako u 
are oonsideied to have greater holding power than tree-nails; to of course indirect, bnt not toe less valuable, especially when it 
b^more capable of resisting the strains produced by canlking I is remarked that at this part of a ship working is most likely to 
the seams of the planking, daring which operation tree-nails are | take place by means of a ohange in the relative positions of od- 
sometimes broken off; to wound the frames less by toe holes jacent planks, such as was pretionsly referred to, as “ slidiizg of 
nquired for their passage; and to be less productive of decay in edge on edge.” Hie top-and-butt and toe anchor-stock disposi- 
to6 timbers. Some bmlders have been so impressed with the tions, in Figs. 28,29, obviontiy oppose snob a tendency to sliding 
'advantages of bolt-fastening as to disoontinne the nse of tree- rather more strongly than toe fair-edge disposition shown in Fig- 
nails, substituting for them short dumps or nails driven intothe 27; bnt in both cases the combination of planks requites to bo 
timbm. This course has not been generally followed, however, aided by diagonal riders. Of direct edge-fastening there is none, or 
and tree-nails oontinne to be much used. next to none, in the planking of most wood ships. In some oases. 

In building a wood ship toe outside planking is worked before it is true, edge-bolts are driven in wake of the openings between 
toe inside, and in the Government service it is temporarily tha frames and tlmzngh several strakoe of planking; tiiis is a 
eecnied to the frames by fastenings, known as “Blake’s screws," good practice, bnt, unfortunately, it oannot be extensively carried 
wMoh oM driven in tudos that afterwards receive some of the out, as the curvature of too ship’s bottom is very oonedderablo 
thrcmi^-SiBteningB. In the. merchant service it is common to at many parts. The canlkmg in *toe seams supplies, by its 
temporarily secnie the planking by meant, of a few bolts and friction on the edges of the planks, a considerable amount of 
treesnils instead of using Blake's screws. These screws consist retistance to eliding when the oakum ie first driven; bnt it is 
of bfdte with an qye forrsedon one end tmd a wood-eorew ottt on certain to beo^e shMk a/Het a ehoit time, and then working is 
ike and th^ are fontid exeeedingly useful in wood «hip- to be most feared, ^ie oplmon is ftilly borne out by experience, 
liiillilkjW'^TTsiliiu' tons ten^oratOy secured tha planking, tte and few will now dispute the neoeseiiy. for giving aw^ ship 
rofthe ftetesia'ga ass lift vudriven until ButiiadtMtQe strong diagtmal riders, ia cato to prsywt workiag in toe shin- 
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THE LATH E. _I 1. jn»iw of obtainini; the feed motion ie that iUnitiated by 

ut 28 , in -which a wheel ehaped like a star ie placed upon the 

end of the eorew of the elide-reet, and an ordinary latho-oarrier 
TKAVXB81 BOBBW BTAB-WHEBii AND DBiTBE ABBANOE- oj driver ie placed upon the ortide between the latiie-centres, 
MENT FOB FEBiODio HOTION OF TBAVBB8E BCBEw BT | in ijjg gome Vertical plane na the star-wheel. It follows from 


EXCENTBIC on BFINDTiE. 

WiTB the automatio arrangement illustrated at Fig. 22, the 
working of the lathe was rendered very much less todieua, and 
the work produced was also of a somewhat better qu^ty, 
owing to the greater regularity in the motion of the cutting tool. 
In taming the winoh-hondle, and traversing the tool by hand, it 
is difficult to bear always in mind that the motion of the handle 
must depend upon the number of rotationa of the work, and not 
upon the time in whicli these rotations are made. T^t is to 


this arrangement that on the lathe bein^ put in motion the 
toil of tho driver in rotating oomos into contact with one of the 
projecting arms of tho star-wheel upon the traverse screw. 
This arm is accordingly forced onward, and the screw is moved 
around also, as it partakes of the motion of the star-wheel. 
The driver continues its course unimpeded untU it comes in 
contact with the next arm of the star-wheel, which it also pushes 
I forward out of its course, and the screw of the rest is again 
, moved slightly round. This action continues so long as the 


say, a small article mnst^ be rotated much more rapidly whilst i lathe is in motion, and the cutting tool may thus bo caused to 
being turned than an article of largo diameter; and the point of I traverse along the full length of the slide. In tho figure, a is 
the tool should move tho same distance during a single rotation, ! tl\e article between the lathc-eontres ; h is tho traverse screw of 
whether the article bo small or large, quite irrespective of the 1 the slide-rest; e is tho star-wheel with any number of teeth; and 
time in which a jg the toil 

tho rotation is .. ■. i.... j,-- .m of the carrier, 

effected. In fj Jj fastened upon 

turning round J’ig- 2*. *1^0 ^°rk, and 

the handle, rotating -with 

tliereforo, tho it. 

screw must be The extent 

moved a ocr» of travorso 

tain portion of • -will depend 

a rotation for A upon many 

every rotation ✓ / \ conditiona,and 

of the work it- y ^ / \ it does not od- 

Bclf.nndifthis / I \ mit of much 

isnotdono.the / I 0 \ adaptation to 

Burfaco pro. , • \ __/ V— / \ varying oir- 

ducedupouthe / / ^1 cumstanoes. 

work by tho i ^/ y _-n. \ / Supposing the 

tool is not re- } g f V m J X / ^ \ \ / star-wheel to 

gularly lined, i M I j iM w ( ( & ) 1 \ have six arms, 

ns would be \ W M ' ' / V V V / \ and the driver 

the COSO if the 1 ^ / n. to strike once 

traverse screw V 1/ ^ \ for each of its 

had a uniform \ ^ ^ i— ^ ^ rotations, the 

motion. Tho A , / V / travorso screw 

larger the dia- 'y \ \ / will evidently 

meter of the \ / \ / moke one oom- 

work the rsj. \ / \ / plete turn 

greater is the H _\ / N whilst the 

difficulty of Fig. 23. ^ lathe makes 

iwodneingare- 'i .1 six-Byplacmg 

gular traverse ^ 1 ^ on tho work a 

by hand, and Ay • ^ y • carrier having 

the more tedi- . two equal 

ons does the ® stems or 

work become. shanks, then 

The difficulty as they will 

can he over- both sti^e the 

- come to some extent by marking a lino upon tbe surface of the ' arms of tbo stor-wbecl once during each rotation of the lathe, 
Bridole, in a direction parallel to its axis, and by carefully moving I tho star-wheel will moke its complete turn daring three of the 
, the screw-handle a certain distance each time this line arrives | work, and the speed of the tool’s traverse, or distanco between 
at a given point in its oirole of rotation. But this renders tho j the outs, will consequently be double of what it would be in tho 
working of tho lathe still more tiresome, although tho work : previous instoueo. The actnoJ distanco tho tool is moved b.y 
produced is of a better quality. I one-sixth, or one-third of a rotation of tho traverse screw, do- 

By oonneoting the traverse screw with the latho-spindlo, both pends altogether upon tho pitch or fineness of the screw’s own 
■fbe difficulty of getting a uniform traverse and the tedious * spiral, os will bo fully explained hereafter- 
nainre of the operation are obviated, as the movements arc In arranging tbe star-wheel and driver for use, it is necessary, ' 
quite automatic and synchronous. as already stated, tliat both shall rotate in the same plane, and 

In the arrangement last illustrated, tbe traverse screw is con- also that tho toil of tho carrier shall be within striking distanoe 
tinnally moviqg so long os tho work is rotating, and the point of the star-wheel, so that tbe carrier cannot, in any position of 
of tho tool outs a oontinnous spiral line upon tbo work. This the star-wheel, rotate without coming into contact with one of 
is ae it should be; but in turning the screw round by hand, the its arms. >. 

fool is generally caused to cut as it were a ring at a time. The Tbo best automatio mechanism for hand-lathes is probably 
vork prodnoed is as good in the one case as in the other; but one of those in which the pmodio movement of the traverse 
fbe oontinuonB traverse of ^he tool is more mechanical than, screw is obtained ihrongh the means of an exoentrio on tBo lathe- 
is to be preferred to, an intermittent motion. Generally, spindle. In the last arrangement, one of the essential psxts of 
bowever, it is easier te obtain the periodic motion, than it is to the mechanism was placed upon the work itself, and occupied 
Connect the sorew to tbo lathe-spindle in snob a manner as to a portion of its length. This is always more or less incon- 
produce the eontinuons rotation of fbe former, and hence it is venient, and in many oases causes the star-wheel and oaniw 
fhat in band-latbes to which slide-rests ore attached the tra- method of obtaining self-acting movements to be quit# Im^ppli* 
motion takes place after the completion of each cut. cable, either from ^e tool haring to work upon that part of tho 
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i aatiole on -whicli tho carrier ironld have to be pltioed, or from 
the article to bo tnr«e<l boinjf of a shape which will not allow of 
a carrier boinijr placed upon it. In any oaae the arrnnt^ement aa 
it atanda could only bo used to giro motion to the tool when the 
latter woe travelling in a dirootion about parallel to the lino of 
lathe-centrcs. But by deriving the motion in tho first plaoo, 
not from any part of tho work itself, but from tho latho-spindlo, 
it oan be obtained nndur any oircunuitanccH, and rcgiirdloHS of 
tho shape of tho artiolo between the centres, which is a very 
great advantage. 

Fig. 24 shows an overhead arrangement of this kind, in which 
an oxoentrin is placed upon the latho>spiudlo, generally at the 
left hand of the oono-pidluy and gear-pinion. The motion de¬ 
rived from this exoontrio is conveyed by a cord over pulleys 
plaood ovorhead, or througb levers, which may or may not in¬ 
crease the extent of motion given by Uio excentric, and is then 
caused to actuate a lover phiccil upon tho slide-rost screw, and 
move the latter round by mraiis of a rat<diot-whool and 
catoh. In the illusthitiun, a is the latUo-spindlc; h, the excentric 
placed upon it; c, tho oxccntric-band or hoop encircling tho ox- 
coutrio; f is a md projecting from tho cxcontric-band and 
passing through a holo larger tlrnn itself in the guide, g ; h is 
tho wire or cord fastened to the end of the oxcontric-rod, and 
passing over pulleys or through bcll-orankud lovers, i, i, fixed 
against the ceiling or tlie wall overhead; k is tlio slide-rest 
screw; I is the ratchet-wheel placed upon the screw and re¬ 
volving with it; m is the ratchet-luvor, which osciUatos upon 
the slide-rest seruw, and which carries a click or x>aul, n ; o is a 
cord loading dowtt to a spring or weight below. 

The action of tho arrangement is tolerably ovidont from tho 
figure. Tho lathe in rotating carries tho exeenlri<! around with 
it, and gives a reciprocating motion to the oxoontrio-roii,aiid this 
motion is conveyed through tlte cords to tho ratchet-lever. 
A downward inovemout of tho oxcontrio-rod causoa an upward 
movement of the lever, and an npward movumont of tlie lever 
causes a t>artial relation of tho ratchet-wheel and tho traverse 
screw. Tho lever is brought down again by the spring or weight 
placed below it for that purpose. A weight is generally used, os 
its action is not deiwndout upon tho position of the slido-resl, 
hut for fast s])euds the momentum of the weight couscsjaoiit 
u)>ou the sudden motion renders its action very imperfect. If j 
a spring bo used it requires to bo attooliod at its lower end to { 
some fixed part of tho latho-bed, and this is sometimes nut ]>os- 
eible, and frequently is not eouvonient. This method of ren¬ 
dering tho slide-rust self-acting is infinitely to bo preferred to 
tho previous ones. 'Phe inotiuu, it is true, is still intermittonl., 
or periodic, but it is obtained in a very convenient manner for 
api>iioatinn. It can bo communicated to the traverse scrow, 
however the lathe may he iiincod, as retpirds angle and distanoo, 
relative to the work, and the extent of motion at each mofemoni, 
or tho tliioknoss of tho cut, can bo regulated easily within any 
limits required in practice by altering the distance of the point 
where the cord is fastened to the ratchet-lever from tho fulorum 
of the lever. Tho further that point is from tho eontro or ful¬ 
crum. tho less will be tho motion of tho ratcbet-wboel and 
screw. If the teeth of tho ratchet-wheel bo tolerably fine, the 
thiekuuss of tho cut taken by the tool can be regulated to 
groat nicety in tlii.s muunor. Tho lover is generally mado with 
a long slot or groove cut through it from near libs centre to 
near its extremity, and tho connection between tlie cord and 
the lever is mode by moans of a sliding aoiew, so that it may 
bo only necessary to loosen that sorow and slide it along 
• the slot to tho required distance from the centre to obtain 
any Jmw adjustment of traverse. Tho machanii'm is none 
of it in the way when not in use, and the whole of that 
fastened upon the traverse screw is mado so that it oan be 
removed in a picoo, and rojilaoed readily when its sorvioes 
are again in request. 

Tlmre is another modification of tlio excentric motion for 
obtaining a self-acting traverse, in which tlie motion of tho 
exeeninio is not taken overhead and brou^t down to the lever, 

' but is oomnranioated tp a email shaft placed along the front of 
tho latho-bed, and from this shaft it is taken off for moving the 
ratohet. In tbia the exceutrio gives a rooking motion to tho 
shaft tlwough a lever and oonheoting-rod, and by. the earns 
m«^ rooking motion of the shaft is commnnioat^ to the 
Isyer. This latter lever, hoWeVsr^ is made ao that it can be 
moved anywhoo along the rooking-sbaft, and placed jnat under 


the raiohet-levor whenever the slide-roBt may be placed npon the 
lathe-bod. The rooking-ahaft may be neater than the overhead 
cord and lovers, but it is not quite so convoniont. 


BIOGRAPHICAL SKETCHES OF EMINENT 
INVENTORS AND MAN HFACTURERS. 

XXV.—AMCHIMEDES, THE GEOMETlUt)IAN. 

BT JAUEB OBAWT. 

Thio famous philoaophor, who inveutod a machine of gloss which 
faithfully represented the motion of aU tho heavenly bodien, 
who constructed the groat ship of Hicro, and conducted the 
dcfuuco of his native oity against tho Itomans, was born at 
Syracuse, in Sicily, where his memory is still venerated, some¬ 
where about the year 287 e.o. Tliat he was a man,of humblo 
or obscure birth, which Ciooro would seem to iudioato, by the 
Boutonce, “ Ex uadom nrbo htmnilem liomuncionem a pulverc et 
radio exoitabo, qui multis anuis post fait, Archimedem,” is not 
tho foot, as ho was a near relative as weU as tho friend of Hicrn 
II., who was descended from the family of Gelon, who formerly 
reigned in Syraitusc, and who, after being appointed captain- 
general by tho Syracusans, ivas soon after elected their king. 
Under the tyrant Dionysius, tho city liaii then risen to groat 
power and siileiidour, and was able t>i maintain a force consist¬ 
ing of 10,000 cavalry, 100,000 infantry, and-fOO galleys for war. 

Tho m.itbeinatical geiiins of ArchiniodeH set him with such cx- 
cellenco m the view of the old classic; world in which he lived, 
that ho bneamo the honour of his age, and was deemod “ tlir 
jnincoof mathematieians,” being to tho aneieuts what Sir Isuar 
JNowton is t<.> tho moderns. So deeply did he think, that lit 
times he become lost in a kind of reverie, during which it w 
said he would study for days and nights without food, lb' 
was equally skilled in all tho soieiieos—astronomy, geometry, 
mnehanies, hydrostatics, optic.s, etc.—and made many grout 
iuventioiis. 

Among these is the pnniping screw whieh still boars his name; 
a machine for launching and for raising ships in tlio uir: andthi‘ 
celebrated burning glasses, which worn deemed fabulous by the 
inodcms, till Bulfon liiiule the experiment by four hundrod smalt 
mirrors so disposed that when the rays fn>m them all fell on a 
certain point, ho melted Icml at 120 feet, and set fire to a hay¬ 
stack at a much greater distance. Many of the treatises writtc.i 
by Archimedes are still extant, especially those “Do sphccrie,eLo., 
cylindro, cireuli dimensio, de liucis spiralibus, do qnadratur.i 
porabolcB, de numero arena'.” ete., tho best edition of whieh n. 
that of David Eivaltius, fol., Baris, 1615. 

It is related that oneo when King lliero was examining with 
admiration some of tho mechanleal eontrivances of Arohimedei--, 
tho latter sahl, “ Give me but a place to fix a sufficient machine 
upon, and I will undertake to move tho earth itself! ” 

By a method which, however curious, is well known to cvi.ry 
modern hydrostatic, ho detected tho deceit which had Ixieii 
practised by a workman whom King Hiero bad employed to make 
him a orown of gold. As it was to be on offering to tho gods, 
Hiero wished it to be one of great value and purify, and fortht- 
end woighod out the precious metal to tho artificer. After soiuc 
time tho latter brought tho orown home, and it was found to 
be of full weight; but it was ere long discovered or suspoctr'l 
that a part of tho gold hud been appropriated, and silver substi¬ 
tuted in its place. Indignant at the imposition, Hiero desired 
Archimedes to take into bis consideration tho means by which 
such a fraud could bo with certainty discovered. While engaged 
in tho solution of this matter, he hapi>oned to go into the batli, 
where, observing that a quantify of water overflowed equal to 
the bulk of his body, it presently occurred to him that the king’s 
question might bo answered by a simUar method; and hurry¬ 
ing to him, “I have found it!” said Arohimedea; “I have 
found it I ” 

He then mode two masses each of the same weight os the 
crown, one of gold and the other qf silver; this being done, la- 
filled a veeeol with water to the brim, and put the eilvor mass 
into it, upon wbioh a quantity of watw overflowed equal to the 
bulk of the inaaa; then taking the maaa of ailve; out, he filled 
up the veaeefi again, meaenring hxaoily the water whieh ho put 
in; this ahowed him what measure of water answered to a 
certain quantify of silver. He then tried the gold in the same 

nuDaer, and foODd tiiat it oaBsedaleaa quantify of water to over-* 
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fioir« the Kold being' less in bulk than 'the silver, though of the 
tame weight. He then filled the veasol a third time, and putting 
in the mown itself, ho fonnd that it oanaed mors water to overflow 
-than the golden mass of the same weight, but less than the ail'vsr 
one; so that, finding its bulk between tiio two maaaes of gold 
au^ silver, and that in certain known proportions, he was able to 
compute the real quantities of gold and silver in the crown, and 
> thus manifeatly discovered the fraud. 

To Olnstrato to Uiero -the offeote and power of motion, he 
selected one of the greatest gaUcys in the port of Syracuse, oQd 
had it beached, with labour ajid by the hands of many men. He 
'then ordered its usual lading to be put on board, and also as 
many soldiers as it would hold. Thou placing himself at some 
diatanoo, and sitting at his cose, without trouble or in the least 
oxortiiig hia strength, by simply turning with his hand the cud 
of a machine which had been provided with ropes and pulleys, 
“ ho drew the galley along the dry land with aa much case and os 
upright os if it swam on the water.” 

Hiero, hia friend and kitisuian, was ao astuniahed by this con¬ 
trivance, and the i>owcr it ilopictod. that ho solicited Archimedes 
to construct buttering engines and other machines for sieges and 
attacks, and for the defence of walled cities. Hiero, who wa.s 
great and maguificentin all his ideas, e.specially iutho erection of 
temples, aisunals, and palaces, had a galley built by Archimedes ; 
'the construction of it lasted a whole year, and the king passed 
entire days among the workmen to animate them by his proscnco. 
The barest dcs&riptiun of this great ship would be far beyond 
our limits. Suilico it that she bad three masts, was coppered, 
and furnished with twenty bonciies of oars. Inside wore throe 
galleries, one for the soldiers alone. Tlie poop was the kitchen, 
the floors of the apartment being hiid with mosaies, dopicting 
scenes from the “Iliad” of Homer. On deck were olives and 
vines, planted in pots, and watered by pipes of liardened clay. 
The windows were thin slieets of tine ivory. She hud bathing 
cojipers for holding water; one held 250 cpiarts, and a tank or 
reservoir at the foroeasllo hold 100,000 quarts. All round this 
ship outside ■were a row of atlases of six cubits, i.c., nine feet 
Jiigh, placed equidistant. Sbo had eight towers for archers and 
slingcrs, and au engine ((ionstrnotedhy Archimedes) which flung 
stones of three hundred-weight. AU round her were irons for 
grai>pling the galleys of an cumny. Her hold was eslromely 
deep, but one man sufficed to koei> it clear of wat('r “ wdth a 
raachino made in the nature of a srreii’ by Areliiineileh.'’ When 
finished, no port in Sicily c<iuld hold this great shi]), so, as there 
was a searcity in Hgypt, she was hideii with grain and sent os a 
present to Ptolemy I’liiiadelphns. 8uch is the dcbcription given 
of her by Atbomeus, who unfortunately left no record of her 
dimensions. 

When Marccllns, the Koman consul, besieged Syracuse, the 
inventions of Archimedes enabled tlie citizens to protract the 
defence for three years ; and so sensible was the consul of tbo 
value of the philosopher, that he gave strict orders, in the 
event of the town being stormed, that hia soldiers " were not to 
hurt Archimedes, and he oven offered a reward to those who 
should bring him alive and safe into bis presence.” 

To Appius he assigned the command of the land forces, and 
reserved to himself that of the fleet, which consisted of sixty 
galleys, each having five benches of oars, armed with soldiers, 
chiefly archers and sluigcrs to scour the walls. On’their docks 
were many of 'the cumbrous battering machines used prior to the 
invention of cannon. Finding themstdyes assailed by sea as well 
as land, the Syracuse were filled with considerable trepidation; 
and but for Arxshimedos, to whom tlie defence was assigned by 
Hiero, their resistance would have been small. Machines con¬ 
structed' by him hurled upon the Boman infantry showers of 
darts and stones that wore of enormous size, and vtiueh went 
whizzing through the air with a startling sound. '33i«y beat 
^wn or dashed to pieces all that came in tbeu* wayjH&nd occa¬ 
sioned the greatest disorder in the close ranks of the legions. 

Marcellus fared no be'ticr by sea. The baiisim and oatapuitse 
of Archimedes hod all longer ranges than those of the Bomans, 
and baffled the attempts <X their best engineers.. Kor were these 
tiieir greatest danger. “ Arohimedes had plliood lofty and 
strong maoldnes behind the walls, trhlifli sndda&ly letting fall 
vast beams with au immense waighfl itt the end^ 
tee ships, omahed and sunk then^iletffieltettoini’ Swi^,'Mde, 
be oau^ an iron grapple to be % aohotn; thjf 

vho guided the mach^ haviof .luikd (t ^ 


a ship witii this hook, by means of a lover-wciglit lot down 
within the walls, it was lifted up and set on its stem, and 
then by letting go the chain cither by wheel or pulley, it was let 
fall again with its whole weight either on its head or side, and 
often entirely sunk. At other times his machines dragged the 
ship towards the shore by cords and hooks, and after having 
mode it whirt ateut a gnat wtiile, dashed it to pieces against 
the rooks be^ow the walls, destroying all within it. Gidloys 
frequently seized and suspended in the air, were whirled about 
with rapiffity, ozhibitiug a dreadful sight to the spootators, after 
which they wore permitted to fall into the sea, when they 
sank to the bottom with all that were in tlicm.'* 

Archimedes also constructed loopholes in the -walls ; attheso 
he placed soorpious, machines in the nature of crossbows for 
discharging darts, and Marccllns began f n be at a loss wliat to do. 
“ShaH wo persist,” said ho to hia soldiers and engineers, “in 
making war on this Utiorcus of a genmetrieian, who treats my 
galleys and sambuciD so roughly P Ho infinitely exceeds tho 
fabled giants with their hundred hands, in his perpetual and ' 
surprising discharges upon us ! ” 

The Bomans at length became so intimidated that if they saw 
upon the walls “ only a small cord or a little piece of wood,” 
they would scatter and break their ranks, crying out that 
Archimedes was about to discharge some dreadful machine niion 
thorn; hence MoreeUus soon had to convert the siege in-to a 
blockade, during which part of his fleet was destroyed by fire. 

“A burning glass is spoken of as the means by which 
Archimedes is said to have bnrnt part of the Boman fleet,” says 
Bollin. “That must have been an extraordinary invention; 
but as no ancient author mentions it, it is perhaps a modem tra¬ 
dition without any found.ation. Hnriiing glasses were known 
to antiquity, but not of that kind, wliieh, indeed, seems im-, 
practicable.” 

Syracuse at present has two harbours, tho smallest on tho 
north-east of Orlygia. Tradition still shows hero the exact site 
of the house of Archimedes, and also of the tower from wheuco 
ho is said to have sot fire to the Boman gulloys by his burning 
glass—a eonoavo spei-nluin, with a focus of enormous length—aa 
their vessels lay between bim and the sun, in a direct line at noon. 

Syracuse at last fell by stcriu, and Archimedes X'orished. Tho 
philosopher was so deeply immersuil in some problem that ho 
knew not that the town was taken till the sword of a Boman 
soldier was at his breast. I’lntarch saj s the latter commanded 
him to follow him to M.areellns. and on Arehimedes refusing'till 
his problem was solved, he wa.s instantly slain. Livy says ho 
was slain by a .soldier who did not know him, as ho was drawing 
a diagram in the dust. Marccllns surrmrod for this catastrophe, 
and interred him with honour under a tomb (m which were carved 
a cylinder and sphere. This event occurred in tho 143rd 
Ol^piad, or about 212 years n.O. 

l^iig subsequently, when Cicero was quiestor in Sicily, curiosity 
prompted him to search for the tomb of Archimedes, and, after 
many efforts, ho tells us, that among a great many tombs without 
tho gate of tho city, facing Agrigentmn, there was found a pillar 
almost entirely covered by thorns and brambles, but thereon were 
tho spher% and cylinder! 'Hie inscription was still legible, 
though partly iHilitorated by time, and Cicero ordered the place 
to be cleared and the tomb respected. 

Hxcavated from a bod of native rook, the face of which, 
naturally prajeotiiig, is ehai>ed about tho oponiug into a rude 
l>orio front, -with rich pilasters and a pediment, the tomb of tlie 
great geomotrioian may still be seen at Syracuse, where at this 
hour the walla of tlie Conversazione Boom arc covered with 
pictures of his mechanical exploits. * 


OPTICAL INSTRUMENTS.—XIX. 

BT SAKTTSI, UlOUnUY, V.O.S., ETC. 

SOUECEa OF ASTIEICIAI. LIGHT (.oi.tiu.nd). 

Magnesium JAght .—^Nmct in ooiiveninn'i- to tho lights pre¬ 
viously described is that produced by tho combust/bn of the 
metal magnesium, -whiah for intensity is almost eq-oal to that 
of the electric arp, but from its flickering nature, and tho 
huge amount 'et vapour given off during the opera¬ 

tion, its ap^flmtiian for long-continued use is ks yet improo- 
ttoable; so purely white .as eithe^ho’ilcctric 

or Ume ohamterised by a bluish tint that remindti 
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^one of moosliglit. As, howeTor, this 
'sonroo of ligitt is rich ia aotuiio ot 
ohemioaJly aottve mys, it is peculiarly 
well adapted for photographic opera- 
tioiiB, ■whore a beam of light of a few 
ttinntes’ duration is usually enihciciit. 

The magnesium light has been recom- 
mended by some persona for mogio 
loatem purposes, but no practised exhi¬ 
bitor 'would endorse such advice, for 
■the reasons that a oumbrons coil or 
length of chimnoy-piping ia required to 
carry the magnesia vapoor from the 
lantern to a fireplace, or some other 
suitable up-draught, probably sepa¬ 
rated from each other by a distance of 
many feet; and, secondly, bocauso 
whether wo use single or multiple 
strands of magnesium wire or ribbon 
daring the act of combustion, these 
twist into a oorksorow-like spiral, that 
causes the point of light not only to 
vary as to position but also as to bril¬ 
liancy, till this oxidised part falls away 
of its own accord, or is broken away 
moohanically. Were it not for these 
drawbacks, which as yet have not been 
surmounted, this souroe of light would 
strongly recommend itself to the physi- 
os] investigator and demonstrator, as 
the preparation of the magnesium light 
apparatus is of the simplest charaoter, 
and involves no bulky or expensive ap- 
plianoes or aaoeasories, os will be soon 
by the dosoription of the apparatus and 
its manipulation presontiy to bo given. 

The metsl magnesium, disooverod in 
mioroBoopio quantities by Sir Humphry 
Davy in 1808, daring his experiments 
on lAo eleotrio deposition of alkaline 
metols on the oleotrodes of a voltaic 
battery, has, tbrongh the progrossivo 
inveeti^tions of Busay, De^e and Caron, Bunsen and Bosom, 
and Sonstadt, in recent years, been produced on a oommeroial 
Boale that allows of this onoe very costly metal being supplied 
at aomewhat over double the 
oaat (d mlver, though it moat 
be remember^ that an ounce 
of magnesium ia six times the 
bulk 6f on ounoo of silver. In 
the early days of its manu¬ 
facture on a oommeroial soalo, 
raagnesinm ■was supplied in 
the form of wire, but more 
reoentiy in that of a fiat nar¬ 
row ribbon, which is more 
convenient for manipnlation; 
it ia alao sold in the form of 
powder or filings. Magnesium 
ignites at the tomporaturo at 
which glass melts, and, besides 
giving off clouds of vapour, 

Jeu'vea a white ash, which is 
pure magnesia. It has been 
determined, photometrically, 
that a very fine magnesium 
wire emits a light equal to 
that given by aeventy-fonr 
steorine oandlM of five to the 
pound. It may here be re¬ 
marked that sino presents 
very mnd> ■tiio same photo- 
genlo oharaoteiistios aa mag- 
hesinin, sad ia used as An aQoy 
t to nOow of magneshim ribbon 
bein|> j»t6||pt s cheaper rate 
than {mre BMgneeinm would 
admit of, vithont detnoting 


from ita effioienoy for light-giving pur¬ 
poses. There are two arrangemonta for 
burning magnesinm; one for the deli-very 
of this body in tbe form of a ribbon, the 
other in the state of powder when mixed 
with fine silver sand. The b«t lamp con- 
stmeted on the first principle is that 
patented by Hr. Solomon, of Bed Lion 
Sq-nare, and is that generally adopted by 
operators. Tbe other arrangement in 
that invented and patented by the late 
Mr. Biohard Larkin. 

Solomon’s Magnenium Lamp is shown 
in Fig. 82. The mechanism consists of 
a narrow drum enclosed between two 
discs of metal, D, capable of holding 
one ounce of magnesium ribbon when 
coiled up like a watch-spring, h, which 
rotates freely on an axis supported by 
arms that clamp on to a metal cane that 
holds a driving-clock, c. This clonk 
consists of a train of wheels which can 
be set in motion by a clock-spring, 
and in turn these rotate, by moans 
of a oonneoting cog-wheel, a pair of 
delivery-rollers, between which the end 
of tiie magnesium ribbon is introdnoed, 
and by their action is passed through 
the curved nozzle, n, at which point 
the magnesium is ignited by moans of 
a spirit-lamp. The ribbon should bo 
paid out at 'the rate of combustion, 
viz., one yard in 'three minutes, and 
the clookwerk is adjusted for this, by 
the suitable inclination of two regu¬ 
lating fans, F. The clockwork is wound 
up by a key attached to the side of the 
metal case, and is sot in motion or 
stopped by raising or depressing a 
lever, t. Tbis part of tbe apparatus 
ia supported on a tripod stand, of which 
one leg forms a handle, B, by whioh it 
can be carried, or the light directed to any desired point. 
This lamp is charged by nnsorewing a nnt that olamps the 
drum, D, to ita supports, and allows of its removal. One side- 

plate of the drum is then nn- 
Borewed, a coil of magnesium 
ribbon is |daood over the 
drum, the tape tiiat oonfines 
it eat and removed, and tiie 
inner end (ffthe ribbon twisted 
and fixed to the drum itself- 
Irhe ride-plate is then re¬ 
placed, and the drum fitted 
between ita supports, care 
being -taken tba-t the ribbon 
is placed so that it unwinds 
from the bottom, as shown in 
Fig. 82, for if placed in reversed 
positien, so that it unwinds 
from tile -top, it is liable to 
drag and get displaoed. When 
the clockwork is in motion. 
Introduce the end of the rib¬ 
bon -throngh on orifice in the 
back of tbe clock-case, press 
it forward till it is gripped 
by the delivery-rollers and is 
passed through the end of the 
nozzle, when -the motion must 
bes stopped by the lever, t, 
till Buoh time as the light is 
to be brought into operation. 
This is the arrangement in 
its simplest form, but it may 
be made to deliver two or 
font ribbons, Heolookwork 
nu^ be axzsnged to nm fo' 
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a faw minutes, for fifteen minntea, or for an hour, according aucli os taking portraits of the living or dead, by means of 
to requirement; for short exposures, as in .photographing small cameras and lenses, in rooms where sufficient sunlight isj 
sculpture, portmitnre, copying pictures, etc.; or for longer not attainablo, and especially in photo-mierography (photo- 
exposures, when buildings, caverns, mines, etc., have to bo graphic deliuoation or enlargement of microscopic objects) or 
lighted up ; or the requirements of theatrical effect, military and miero-photojffaphy (production of minute photographs), the 
naval signing, or fishing or diving purposes. The delivery method of prodaomg the requisite amount of aotanio effect upon 
apparatus may be fitted with a silvered concave mirror, for the prepared surface by means of a definite charge of light¬ 
concentrated light, or a fiat reflector for diffused light, as producing material strongly recommends itself. This method 
shown in Fig. 83, for indoor use; or it may be fitted with a glass is best carried out by mixing, shortly before use, 72 parte of 
front and a chimney, os shown in Fig. 84, for outdoor use, or in luaguesium powder with 122 parts of dry chlorate of potash in 
places where it is desirable to carry off the magnesia vapour, jiowder, and determining by experiment how many grains of this 
It is very convenient to have an ashpan filled with water placed mixture will produce the necessary action, by a given photogia- 
a few inches below the nozzle, into which the magnesia ash phic process, with the particular kind of apparatus employed, 
falls, aud, moreover, this aids in freeiug the ribbon from its The determined quantity may be termed “ the standard pboto- 
spiral ezoresoenoe that is so detrimental to the more extensive genic charge,” and moro or less than this may be used according 
applicability of magnesium ribbon lamps. to the actinic or non-actinic character of the object to be 

Larkin’s Magnesium Lamp is shown in Fig. 85; it consists of pbotograxihed by artificial light. For instance, in taking 
a funnel-shaped hnpi>or, k, in which is phu-ed the mixture of photo-micrographs, if the object is of a blue or violet tint, loss— ^ 
magnesium powder aud silver sand, w, the latter being added in | if yellow or red, more—thau the standard charge may be used, 
such proportion im to assist a stoady flow of the combustible | The required quantity of “ magnesium photogon ” should be 
metal, and in a diviilcd state, so as to present a spirit-lamp ; piled in a conical heap on a litUo metal saucer mounted on a 



ffamc in the best condition-for perfect and rapid oombustioa. , telosoopio stand, placed in tbo focus of a parabolic or concave 
The bottom of this hopper is floored by a wire-gauze sieve, and | mirror adjusted to the optical axis of the apparatue employed, 
closed by a conical plug fixed at the end of a pivoted arm, p, j and bo lighted with a lucifer match when aU is in arrangement 
that, acting like a trigger, allows of the end of the hopper, h, : for the exposure. If working with iihotographio dry plates, it 
being opened at pleasure, and the powder dropping down and 1 is a good plan to nso three in succession, one being exposed to 
out by a nozzle, N, that is placed directly over the centre of the | the full standard charge, thn others to the minimum and niaxi- 
Jlame of a spirit-lamp, l, the wick of which is placed out of the ! mum charges ; botwoon the three, and by judicious develop- 
lunge of the falling powder. Both the hopper, h, and the i ment, a good result should bo attained. Magnesium powder 
spirit-lamp, L, aro affixed to the metal framework of a closed may bn obtained at half tho price of the ribbon, and whatever 
Intern, B, tlie front of which is glazed with a sheet of curved arrangement is adopted, a photographic impression may bo pro- 
glass, o. A tabular chimney, 0, is fixed to tho top of the duoed on a prepared surface for a cost that does not exoe^ 
lantern to carry off the fumes, aud a conical mo^ shield i twopence, with a source of light that is little inferior in octinie 
springs from the bottom of the framework to guard tho wick ef power to tho sun itself, and is ever at command, night or day. 
the spirit-lamp. A stiff loop of wire is fitted over the nozzle- Magnesium powder is now extensively used in tho manufacture 
tube, and by a lever action scrapes off any incrustation of of fireworks, as may bo noted by those who have seen the mog- 
uugnesia that may be deposited on the nozzle, n, in a way to nificent pyrotechnic displays at the (Crystal Palace, 
impede tho proper flow of the powder through the flame. The Photography and the magnesium light may be token oon- 
oontinaance of the flame depen(& upon the opening and shutting jointly as an admirable example of the progress of soienoe and 
of the oonioal valve, P, or the exhaustion of tho charge of mag- soientific knowledge during the nineteenth century. At its oom- 
uesium powder placed in tho hopper. This form of lamp is beet menoement we were indebted entirely to the eye ana hand of 
suited for aignidling purposes, as well as for photograiduo and man for the pictorial representation of any object. The art of 
illuminating requirements. A larger form of this arrangement photography was then Recovered, by which on oeourate picture 
employed at Nottingham meetixig of the Brituh Aeeo- of an object woe obtained by means of the sun’s rays refleoted 
ciation for B^tuig up a large rofrsehment tent and a garden from its sntfaoe; and now tho brilliant magnesium light renders 
attached thei^, two lamps being euffioimt for the porpoea. na independent even at the sun itself for the piMucMon of 
^apneentm FTtatogen. —^For ovtain photogaphio opeiationB, . piotnzee by ihe agency of light. 
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FISH CUT.TIJRE.—VIII. 

By aK£VII.I.E BENHStl, 

FBOPEB KATUBAI, FOODS FOB TOUNO FISH—FFNCB MONTHS 
— METHOD OF TAKING EaO.S FKOM SALMON — THE 
WATEB-OIIZEL. 

While speaking of proper foods for newlj-hatcked fish, wo 
may remark that another cscollcnt natnral food at this' time 
is the larvaj of tlie common gnat (Culex pipknii), which also 
hatch out in the water, but, contrary to the Sirivulia, only 
in stagnant pools filled with rotting plants. The Simulia 
lay their eggs crawling down to the stalks of the plants in 
tho water. Their development is very vapid, and in every 
ditch and flooded meadow, in every pnddlc, tho larvu) will ho 
found thronghont the year in quantities. It is advisable to 
make some pools for breeding gnats' larvte so arranged near tho 
feeding ponds that the food may bo taken du-ect. Another very 
good food is the fresh-water worm (Kais), very thin and red in 
colour; these cither swim about in stagnant waters or lie in the 
mud in masses, from which they may bo coUcetod with a narrow 
incsh wiro net wliioh is distended round a strong ring. Fed on 
those water- larvic and worms, the hsh grow rapidly, and in tho 
last weeks tho young fish should bo supplied with plenty of tiul- 
polos, the larvsB of toads and frogs. 

Tho great grass fiiig (tlana Icmporaria) lays its eggs in 
Maroh At the end of that month and huginning of April, the 
tiuliiolcs are found everywhere in stagnant water. If at tho 
propfir time tho great shining luinxis of spawn, of which whole 
liarrowsfnl can bo uolleetcd in a few hours from adjacent 
waters, he brought to a small pond shaded from the sun, and 
]U‘ovlJod with docayjng xilauts, near the establishment, in a few 
tlays tho tadpoles will haleli out, ami there will he an ample 
supply of food for the rest of tho feeding-time. As it will oeonr 
that some of the young fish, being bettor feeders, will bo double 
tho situ of others, it is advisable to jiluen t licm in a separate 
basin, otherwise they will take too much food from the rest, and 
prevent their development.” 

An clement in tho snooeas of the cheapening of salmon is 
almost essentially a fishmonger’s question. As with coal-owners 
and all largo monopolists, their ijiturest is to keep up the price, 
and this they do to a certain assured extent by tho assistaneo 
of tho telegraph, and a well-oonsiderod system of agencies which 
diroets the fish only to those several markets where a demand 
sulficient to ensure tho imaximum price exists, the saleman and 
tacksman both combining to keep buck the salmon in the cnivcs 
in their natural clotnent, or in ice on laud until sncli times us 
Die indneement to tnuisit arrives at a fixed and agreed standard. 
This is now so well known that no longer is any secrecy involved 
in the matter, and it apimars fair enough between consumer 
and producer; but a bountiful Ih-ovidenoe frequently dcfqi^fii 
ovon tho best of man’s schemes, and in times of great i>lenty 
tjlie desire for high x>ricos is merged in tho aggregate returns; 
and this would bo still more the case if wo could remove all 
obstacles to tho breeding of salmon, and thus inako the very 
weight of tho takes force out of view the present selfish ends of 
the taoksman, who would still obtain tho same xiruiits^lmtnotat 
tho exx^nsu, so to spe.ak, of the public, for there is oven a mini¬ 
mum to 1)0 reached in tho iirieo of salmon below which it can 
scarcely go, unless close to the scenes of its capture. 

While ui>on llii.s jxiiut wo may state from high authority that 
a plan is in oonte.miilation to make fish-solesmon take out u 
licence if they sell salmon, as for selling game. Thus, althongli 
tto annnol impost would not be large, and scarooly felt by the 
oealer, it would produce a gi-eat income, which should bo devoted 
towards building salmuii ladders over weirs and other obstruo- 
tions, and providing funds for paying watchers daring the winter. 
This would tend materially to nmltixily tho number of salmon, 
and enable the oomnusvioners who are now xioor in funds to 
carry out preservation with greater strictness and effect. 

Fish onlture being a subject which has occupied many volumes 
and yet has not been exhausted, some allowance must be mode 
here for itfl ommsions and shoi'teomiiigs. Wo have, however, 
done OUT best to give os muoh detail of the processes pnrsned 
and M general a view of the present state of &b oulturo in this 
and other countries as bur sxmee would permit. I'hose who 
* would foUow up the subject yet closer should refer, besides the 
warks #£ i#»ioh wo have made mention, to “Historique snt 
EtshUaseinent do Fiscionlture de Huninguo,” Sttasbnrg, pub¬ 


lished by Borger-Levault, 1862; " The-Salmon Fisheries of Eng¬ 
land, 1868. From authentic information obtained for the House of 
Commons. To which is added valuable and ezelusive information 
extracted from tho Eeports of the Commissionurs of Fisheries 
in Franco, America, Norway, and liussia. By Thomas Ashworth, 
Esq.” London; Longman, Green, and Co. Bath: William Lowis^ 
“ Directory ” Office. 

No fnan who aspires to the character of an angler would ever 
destroy the fiy of salmon or take any migratory species that 
has not been down once to the sea, and owners of fisheries 
cannot be too vigilant in patting down all unlawful nets or 
engines, as these instruments of wholesale slaughter do morn 
hai-m in a few hours than tho whole of tho fair fishing put 
together. 

The trout grows remarkably fust in tho ’Thames, and is 
tolerably good food when in its x>rime. Hut angling is per¬ 
mitted fai' too early for this valuable fish, it being ofti-ii 
eaptiired in March, when, alter spawning, its apjietitc bein:r 
voracious, it is made an easy prey by the iraxialicnt angler. This 
thonghtlessiios.s of the fisher cannot bo too strongly dunuunccd. 
All remonstrance, however, appears in vain, I'oi as long ago as 
IH l-O a writer upon angling literature used very strong term- 
with a view of putting a stop to tho system, Thames iinglers,'' 
ho said, ” begin to fish l.oo early in the season; by spinning ii 
minnow or bleak in tho month of March, they may take a ten- 
pounder. which is nqt niieommon, mid thun they boiiat of having 
eaiitured a fine fish, whereas, in fact, it is only "fit to bo thrown 
away, being full of worms and llabhy flesh. Were such a fish 
left for throe months longer, it would not only have iiiereased 
in weight, but it would have been worth something considerable, 
a.-< it would Inave been in season. I ii taking a trout at that time, 
Giere is neitlier art not seionoo, the fish being still so weak from 
spawning —for largo tish spawn very late—that it has not the 
jiower 1.0 cunlond against the rod and line, which it would have 
liad in Juin*.” 

Fence months, in all waters whatever, should bo rigidly 
observed. Tho strictest attention and watchfulness is then 
required, not only lo the parent fish, but the brood, for it is at 
that time the voutig ol salmon may be taken by the most sinqilo 
eontrivanees, and pike more xiartienlarly—the nature of which is 
to run uj) dit<‘hos aiiil shallow Iribntarios to spawn—will then 
allow themselves to be .snared by the wire of the most stupid 
Xilough-buy. The destrnetion of under-sized fish in tho Thame--, 
ha- very projierly received tho nM.ontinn of the oiHoors and wator- 
bailiirs of the Thames A nghng Protection Society, and nothing can 
serve better to demonstrati> the fact that the small fish of the pro- 
sent,year are tdic takeable and ap(>reeiablc stock of tho next, than 
the marked increase in size and weight this season (1871) over 
that of last year, tho fish in tho interim having been iirotcetcd 
by extra vigilance and the infringement of tho bye-laws very 
proiierly earned out by tho xmnishment of the delinquents. Mr. 
Uoceins, when writing some .years ago upon this X’oint, observed 
that not only with regard to trout and salmon was the want of 
a x>roi>or system of iiroleetion forcibly felt, but this same shield 
of protection is wanted iu all rivers for all other fresli-wator 
fish; for were tho artifieial {irinciple and protoetivo arrangemonts 
extended to them, tlii'ir increase would be enormous. In that part 
of the Colne, for oxamxile, which this goiitlumau laid down and 
attended to, oven roacli grew to the groat weight of from one 
and a half to two pounds in their fmirfii season, and this weight 
was almost nripreccdentcd elsewhere. This shows at once 
wlmt jiroteotion, which means eonstantand methodical yratehfnl- 
ness, will do for fisheries ; and that fisheries, like forms, when 
looked after systematically, will flunrish, but when neglected, 
will faU. 

Wiero trout and grayling are tho objects of care, the- streams 
should be dra'gged two or throo times in a season to get rid of 
the coarse fish and give room to tho rising brood of tho better 
class. Indeed, all streams are the bettor for an oocasinnal 
clearance of the large pike, even iu x>ike preserves, and if they 
ore not immediately needed for the table they sbonld be kept in 
stews and fed npou roach, daee, and brtiam, whieh in oomyiariHon 
ore worthless. 

Wo are reminded in looking throngh our preceding papers, 
that although we have spoken at tho method of dealing with a 
trout by holding it when full of sjiawn in the attitude shown in 
Fig. 6 fVol. IL, page 363), when the ova, if ripe, will droi> down 
in a moss towels the vent, the operator would find it somewhat 
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diffionlt to hold a salmon in that position. Mr. Francis Francis ' merciloss if^oranoe we have been killing a pisoiooltural friend 
tdls ns that, with a large and Tigorons salmon, it has required | every time wo shot a water-ousel—just as we believe the former 
at least three men to hold it, and that then the task is not easy. ' hangs a friend every time he trax>B a mole, or drives a host of^ 
“ I have known a salmon,” he writes, “ in its struggles send ' well-wishers away by employing a boy to frighten the rooks 
pots, pans, water, and ova flying with one dash of his tail. i from eating the larva of the cookchofora and daddy-long-legs, 
'llio softness of the belly is the beet test here. In grayling | The elastic toughness of the ova has been before observed 
the belly is less soft, the fish being more of a hard and scaly ' upon, but it should bo pointed out that this considerably facili- 
natnro gonornlly. A slight jiressure, however, if grayling or ; tatos the transport of fish eva for the purposes of pisciculture ; 
salmon or trout be at all ripe, will usually bo sufficient to ■ and experience has demonstrated, principally through the perse- 
extrude two or three eggs, when the fish should be carefully j veranco and judgment of Mr. Yonell, that they can be safely 
jmt up until all pruliminarics are prepared for operation. How , transported for any distance which can bo travelled, either by 
the ^h ore to bo kept alive depends entirely upon the eon- , land or water, in the time during which the ova naturally remain 
venienccs at hand. In some rivers a little pool can often bo : uuhatcliod. There is one miii])Io rule which must, howevci', bo 
made "ot the river’s side; in others, pails or oven washing-trays • insisted upon—never to attem])t the removal of ova till the eyes 
are used. A salmon con bo tailed—tluit is, tied up - by means j of the fish are plainly seen in the egg. 

of a cord, a slip knot being [uissod over the tsiil. A male or i In nd'eronce to the food of fisli, and the necessity to encourage 
female fish being secured, obtain one of the other sex us soon ! the growth and iucreaso of such I’uud us fish must profit upon 
us possible.” Mr. Francis adds ‘‘that it is always as well, if i and delight in, Mr. Francis, in his ” Fisii Culture,” has some 
they can be hud without diffienliy, to retain two males to one I highly suggestive and impurlunt observations. ‘‘ Wo should 
ripe female, in casu of a scarcity of milt.' ’ | know whut kind of food suits our various fish best, and whnt 

It must still ho understuod that we are now treating of j conditions best produce tliat food, and how these conditions are 
salmon—not trout or luauagisiblu fish. “ The requisites for I Isist to bo cultivated, so that sueh food may lie solf-iirodncing.” 
spawning the salmon projicrly arc. first, a shallow ojicn dish, | The chapter from wiiicb we quote, on the food and its jiroduo- 
with a lift to it (llii.-i dish should not he Jess than twelve or ' tion, demonstrates in a very interesting manner how great is 
thirteen inches square at the least): a forgo jug for fresh | our ignorance of this department of knowledge. “ There is not 
water ; and a tin can, witii u perforated lid, to carry the ova in i an iuscet or small reptile that inhabits the soil beneath ns. or 
(this should lie a can <':i.|ialiU> of liolding at lo.ast a gallon of ! the waters around ns, that is not food for fishes in a greater or 
water). First half fill llic dish witli clean water; take the ' less degree. Worms of all kinds, flics, grubs larvie, cocU- 
fcmalo, one person holding tlic head and another the tail and clmfcrs, crickets, leeches, snails, humble-bees, birds, mice, 
if nocoHsary a third steadying the body If the head be held I ruts, all serve the turn of one fish or another, and so in turn 
botwren the knees, a better hold will be got; and if a dry cloth ' bolp to jirodneo fotid for man. hiothing living comes amiss, but 
be used to hold the fisli, fhero will be less chance of her slip- 1 doubtless some kinds of food agree with them far better than 
ping. Now, the fish being Imld with her tail downwards and ' others. Hut wo know very little on this branch of the snbjuet. 
the body rather sidcwiiy.s, or with the liclly a little towards the i H is dreamland to us, with a very little waking reality.” Some 
ofjorator, the vent being us closely over the water in the tin 1 rivers x>roduce larger trout than others, like them in all visible 
dish as may be convenient, the nianipufotur should, steadying | fcatui'os. Mr. Francis compares the trout of the (Jhess, a 
the. fish with one band, compreas tlie Isidy with the other, pass- ' branch of the Hnokingbamsliiro t'olne, with those of the Wick, 
ing the finger and thuinh upon either side with a gentle pressure j little more than a good-sized brook, near High Wyeombe. The 
from the thorax down to the vent This pressure, bo it re- i may-fly abounds on the Chess, but is hardly seen on the Wick, 
marked, iiniat not be harder than is sufficient to expel the eggs i and yet the Wycombe fish, .attaining a size of from seven up 
without difficulty. If the fish does not give nji her roe, no . to even ten pounds, and of a red colour deeper than salmon, is 
force must be used ; but lay her aside on the grass, or even in , decidedly superior. Why K How is it that this little stream had 
the water, for a few imuntes, when, jierhaps, she may bo moi-o ; not—for wo fear sewage has even hew done itq deatlly work — 
easily jiersiiadeil. 11, however, slio deolhies. she is not quite its equal in all England for the size anil flavour of its trout ? Mr. 
rijie enough: and if you have the ine:iiia of kee)iiiig her for; Francis surmises—and from our nwu experiouco of these wivters 


twenty-hiur hours, or forty-eight hours, it will he advisable to 
do so. Hut, 1 repeat no jurci' onat hi' (-la/i/nj/cd.” 

It may not ho out ' f pkiec hero to reiiiurk that, in jiroof of 
the jiraetioal, nut to say commercial, sliiipo which pisniculturo 
has token, an estahlislimeiit h:i.s biicn uxieued at the Trouldalo 
Fishery, near Keswick, (iiinlierland, under the management of 
Messrs. JoB<‘ph ,T. Arroii.tead and .John Pamahy, for the distxi- 
hntiun of ova of various fisli throughout the country. Hutto 
show to what uii cxtimt Messrs. Francis IVaneis, Huckhind, 
Youoll, Ponder, and others have been unselfishly inspired by 
their gratuitous aid to fish eiilture, wo quote from tho tariff of 
this firm :—“ American trout fry, iJlOO jiov 1 .(100; black bass 
fry, .£100 per 1,000; Canadian/rc.^li-c-iifi'T salmon trout fry, 
,£100 per 1,000; trout ova, flOs. per 1,000; and trout fry, OO's. 
per 1,000.” Let us liope that there will yet be a more sub¬ 
stantial recognition of the services of those gentlemen, from 
Tasmania and elsowherc, than their most imiiortaut labours 
have hitherto elicited. 

Let ns say one word at parting for tho wn,ter-oiizo1, which 
has^ mogt wrongly been classed amongst the enomios of fish ova. 
It is strange to say that this prejudice still obtains, realising 
the old axiom of “ Qivo a dog a bad name and hang him.” Yet 
the Zoological Society, so far back as ISfilJ—many years, as 
events snccood each other now—having fairly put the water- 
ouzel upon its trial ns a notorious destroyer of fisli spawn, tho 
first verdict was “ Not proven.” This being tho form of a 
Sootoh verdict, an English water-ouzel was entitled to enter 
a demurrer. Wo are therefore not surprised to l3am that a 
distangnished ornithologist objected to it, and that the jury 
ultimately rotnmed their vordict thus: “Watcr-onzel fully 
»«qnitted of the charge of eating fish spawn.” The fact is the 
Water-ouzel frequents the spawning-beds in order to prey upon 
the inseots which feed on the ova of the fish; so tlmt in our 


wc would think correctly so—that tho fresh-water pitlox nr 
Screw has not a litf.le to do with tlic jiriulnctinn of this marked 
superiority. “I have seen,” says he, ‘‘the trout {liukiiig thoiii 
at the walls which part the stream in somu iiJacos, as rapidly 
asta child would jiick hlaekboiries from a hedge; and 1 airi 
indifoed to think that this'insect Ims much to do with tho fine¬ 
ness of tlio fi.“l.; and the more so becausi' when 1 have found it. 
exist in any quantity. I have invariably ohscri'od tliat the trout 
are of fine size and in unusually good coiulition.” 

llapjiily there exist signs of an adv:ineomciil of knowledge in 
tho direction hern iinilor review. Tlie intelligent angler now no 
longer takeH for graiilcd the. elunisy and libolKnis imitations of 
iiisee.t life which are offered to him with commercial confidence 
by the tackle maker; but his oliservatuuis as a naturalist being 
sufficiently advaiioed, he si'arehi.s for and obtains the flies indi¬ 
genous to the stream he is about to fish, and, as eloso as art 
call aid him, simulates tho natural object. Mr. Francis Franei.s 
“ Hook on Angling ’’ ]ioints out how close is, or ought to lie 
allied, the eiitoinologist and the fisher ; and that, although tne» 
angler may jiossihly lie of sorviee to tho naturalist, a study of 
such works as the Hev. ,1. O. Wood's ‘‘Insects .at Home,” 
cannot fail of being highly advantageous to tho anglor. In a 
word, that all knowledge is so intiinately blended that the ao- 
quirement of any one department must inevitably enhanco tho 
value of the others ; and, as hero shown, an lu-ijuaintanee with 
tho jirecisc fattening food of fish and its use would materially 
tend to their sustenance and eouseqiieiit increase. ^ 

Ill a future paper we hope to make soiiie rotnarks and offer 
some iinstmclion on the methods adojited for propagating and 
feeding sueh shell-fish as o,ysterB, mussels, etc.; a kind of fish 
culture which is followed up with spirit in some parts of tho 
Continent, and which might bo carried out far mor^than it is 
in onr own country as a iirofitable employment. 
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PRACTICAL application OF THE FINE 
♦ AETS.--X. 

TEE AST OF MOSAIC (continiud), 

BjrP.H. PsuuoTTZ, Frofouar o{ Enwiag, King’s College, Iiondon. 
Wb liave Blreody olaasified mosaic work according to the 
materials employ^, and the manner of using those materials. 
We now intend to arrange mosaic work more according to the 
art shown than the style of workmanship displayed. We have 


work of this period is of great importance to these who would 
carry this work to perfection, and fortunately for ns the numerous 
I remains in this country afford the means for this study. We 
have already given examples from the pavement at Cirencester; 
we here show two heads of great boMness of character. The 
very roughness of the outlines show how much power and grace 
can be obtained by unwieldy materials if treated in accordance 
with their nature. The British Museum and many local 
museums afford frequent examples from various parts of I&ig- 


also in a previous paper noted that the spread of Christianity , land, and these arc deserving the attention of those interested 

’ ' ' ’ "- -^ 1 -- i- ‘ --' in the cultivation of true art. 

As we have'hero given two heads from the pavement at Ciron- 


had a vast influence on the character of the designs and the 
spirit in which they wore carried out. This and many other j 


political and social changes had their effect upon mosaic as weU j oester, it may perhaps not bo out of place hero to mention the 
as upon other arts, and the various phases of the ort thus pro- j colours that we are unable to give in our woodcuts. Iq both 
dneod have been divided into seven periods by Sir Digby Wyatt, ; heads the greater part of the flesh colour was produced by the 


whoso exhaustive treatises wo shall in tlie main follow. 


cream colour of a fine hard freestone ; this is heightened by a 


The period to which he gives the name of Classical is traceable . little yellow and some borderings of red, whilst the shadows are 


from the earliest 
times down to the 
general decadence of 
the empire. Two 
distinct schools of 
taste arc traceable in 
tins work; the one, 
belonging to whut 
is usually called the 
Gnneo-^tiu race, 
deUghts in figures 
of rod or buff upon 
block grounds, or 
delicately coloured 
1 designs upon a flat 
tint of some dejith 
of ^colour—naturally 
tbe designs of this 
Bobool more or loss 
resemble tbe style of 
decoration common 
amongst tbo severest 
artists of the two 
great peninsulas, 
viz., the Etrurians 
and the Dorians,' and 
it also keeps up the 
connection whichtbe 
latter show with 
^'(Cypt; the other 
school is derivable 
from the East, and 
partakes of the mag- 
nifiooucos of Baby¬ 
lonia, Assyria, Fheo- 
nicia, and Asia 
Minor. In nil the 
work of tliis period 
we And largosurfuces 
of even dolonr, and wo notice that there is no attempt to conceal 
tlio ultimate fact of mosaic—viz., that it is made up of many 
small cubes. The joints are not hidden by coloured foment, nor 
ore the tessera; of any groat size, but a uniform tone is pro- 
duoed_ at a moderate distance by the combination of these 
materials. ^ Thi.s is true art, and should be aimed at in artistic 
work^nship. Tbo inat(»-ials should be used with judgment, 
certainly, bnt os the materials they are, neither oonoeoling their 
natural imperfection, nor aiming at reiiresonting what they arc 
not. It was jnst in the same way that we reconunendod the 
judioions use of tho loading and the iron stanchions in glass 
painting making the lines of tho leading follow as much as pos¬ 
sible the ontlinos of tho design, but not scrupling for one 
moment to allow eithor lead or stanohion boldly to pass through 
the imdst of flat odour if tho necessity arose for it. So in 
mosaic designs the natuml imperfection of tbo joint between the 
tessere should he recognised and used, and adapted to the dr- 
enunstonoos of tho cose, A pleasing, even flak surfooe is pro- 
daoed the regular disposl^on of ovenly-sized onbes, whereas 
1h» boi^am of the figures, etc., are more thorougUy made 
naiunil to^^e «ye by one or two lines of tesserm following 
more pr less the direotioas of the oatliaes. The studr d ancient 


Fig- 27, 


represented by tho 
deep chocolate of rod 
sandstone,and many 
of the outlines are 
of block terra-cotta. 
Tho hook of Ceres 
(Eig. 27) is of a dark 
bl uisb-groy, wh ile the 
oars of corn adorn¬ 
ing her head are 
produced by black 
and yellow; bctwi>en 
those are inter- 
spersod dark oliviv 


produced by tessera' 
of glass coloured with 
copper. The leaves 
and stems are of tho 
samodull olivo-groon 
as in tho other head. 
One or two white 
flowers are intro- 
duood in the dark 
c h o 0 o late - oelouroil 
hair. The swallow 
on her shoulder is 
simply black and 
white, with one lino 
of grey. Fig. 211 is a 
portion of tho border 
round the hood of 
Flora. 

Another head, 
given m tho last 

article (Fig. 18), is from tho baths of Agrippa at Bomo. 
Though of a coarser oharaoter of work, it still more clearly 
show's a oompleto mastery over the materials, and it is an 
especially good instance of the peculiarity we have noted above 
of tho lines of the tesserm following those of the design. 

Tlio second phase of mosoio work has been called Latin, and 
extends from the reign of Constantine at the beginning of tlio 
fourth oentnry to tho middle of tho thirteenth. It is not con¬ 
fined to Italy, hnt is to be found wherever the Latin raoe spread 
their dominions, and is especially to bo sought for amongst those 
nations that have retained on impress of the Latin Iwguagc. 
institutions, and laws. It is distinguished by on absonoe of oil 
Byzantine influence, but shows on the other hand strong traces 
of the raoe amongst whioh it was most in. vogue. In this 
variety of mosaio we meet with very much work that reminds 
us of tho dasaioal period—even in many cases tho ornamental 
borderings and divisions are the same. Fine speoimens exist in 
the pavement of the cathedral of Eovara, in the orypt and choir 
of tho ohnrch of St. Bertin at St. Omer, and iu the monumental 
slab of Fmmnaldas, Bishop of Arras, formsHy in the oathedral 
dhuroh of St. Waast, now ^posited in tho museum in tiiat oity- 
Conounently with this last phase we have another whidh has 
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been nBJned Byantine Mosede. Tbia dates from the tranafer of 
the empixe to Constantinople in the foorth oentnry, and doea 
not appeax to have fionriahed after the eighth. The first artists 
were transported from Borne by Constantine the Croat, and 
their work natnrally partakes of the character of that in their 
native conntiy; bat very soon an Eastern element developed 
itadf, and this hence¬ 
forth became the 
main, oharaoteristic. 

Ko donbt the finest 
specimens were ori¬ 
ginally to bo found 
in Constantinople 
itself, but the re¬ 
mains at Bavonna, 
which in 404 A.D. 
became the capital 
of the Western Em¬ 
pire, and in 508 a.d. 
the capital of an 
exarchate under the 
Eastern emperors, 
now afford the finest 
examples wo know; 
whilst San Marco, 
at Venice, carrios,oii 
the taste onoo de¬ 
veloped on the west¬ 
ern coast of the 
Adriatic. In Jfii- 
vonn.a the following 
chorches all afford 
specimnns of th is 
class of work, and 
some of them arc 
nearly covered with 
it—the two churches 
of San Apollinare, 
the one in the town, 
the other at a short 
distance from it, San 
Vitali, the tomb of 
tialla Flacida, and 
the chapel atin.ched 
to the archiepisoopal palaoe. Some of the work in Borne of this 
period shows a doeidud tendency to this school, though much 
of it is inforior to what had preceded it. The main charac¬ 
teristics ore a gold background to bo found everywhere, a 
calm dignity of expression, and a happy grouping of the figures. 
As we mentioned above, 
some of these ohnrchos are 
almost covered internally 
■•rith pictorial representa¬ 
tions, and thus they oomo 
to forma part of the original 
design of the building, and 
the arrangement of the pic¬ 
tures is made subBerviciit 
to the general features of 
the arohiteotnro. It is in 
this way that the art arrives 
ttt its perfection. It finds 
its fitting place os one of the 
handmaids of architecture, 
and in this position it fulfils 
its highest offioo. Next 
^tor a study of the old olas- 
eioal work, in order to seo 
howthe teohnioal difficulties 
of the material are to be 
overcome, wo should mo^fc 
oonrse of observations of the Bysantino art, more especially of 
Kavenna and Yenioe, for the student who desires to see the 
oloss of subjects most adapted to delineation in mosoio, and the 
mode of treatment which ia appUoable to this art. 

The QroBeo-ZiaUan phase is the name given to the school 
developed by Greek artists on the oongenial soil of Sicily, and 
^mried on in that oonnby during the time of the Norman king¬ 



dom. The cathedral of Uonrasle, began 1174, is said to be the 
noblest and grandest instanoe of a ohnreh decorated entirely^ 
with mosaic, with the exception of St. Sophia at Gonstontinople, 
and San Maroo at Venioo. 

The next doss of mosaic work has been called tfao Italian 
monwmental, and has for its principal seat Florence, the great 

artistic rival of 
Borne, though some 
splendid specimens 
ore to be found in 
the latter oity, espe¬ 
cially in St. John 
lAiteran and Sta. 
Maria Maggiore. Wo 
now come to the 
names of the artists 
who furnished de¬ 
signs for this work. 
The Florentines An¬ 
drea Tali and Mino 
da Tnrrita learned 
the processes of the 
Greeks who worked 
in Venice, and Gaddo 
Gaddi afterwards 
carried on their work 
in that city; after 
whioh, in Borne, 
Fietror Cavalliui and 
the Cosmati became 
celebrated. Thus the 
work wa.s continued 
until the rise of 
fresco pointing su¬ 
perseded its more 
costly but more per¬ 
manent predecessor. 

The production of 
work of the two re¬ 
maining schools of 
mosaic, that Sir D. 
Wyatt calls tho 
Italian portable, and 
tho woU-kuowii Fla- 
roUinc, or pielra dura, hoe boon carried down to the present 
day. By portable is intended that species which is really a 
continuation of tho opus vermieulalum minus, and is prmci- 
pally employed to make copies of well-known masterpieoos 
The pietra dura is founded upon tho opus 
sectile of the ancients, and 


of (groat painters. 

* 



strongly recommend a systomatio | for the skilled workman collected 


is composed of tho most 
durable materials matohed 
according to their imtural 
colours. Each piece is out 
and ground into shape, and 
tho thin slices are backed 
by pieces of slate or similar 
material. 

In Borne and in Florence 
at the present day a large 
amount of work is done, 
and in Venice Signor Salviati 
has revived, to a groat cx.^ 
tent, the art well-nigh lost 
to his native town. In Borne 
the copying both of ancient 
mosaics, such as “ Pliny’s 
Doves” and of the master¬ 
pieces of pictorial art, form 
oontinuous employment 
in the Papal estalj^hmont. 
Tlio ori^al object of the Popes in establishing workshops for 
tho onltivation of mosaic, was that snoh pictures as Baffaelle’s 
“ Transfiguration,” tho ” Madonna della Seggiola,” eto., might 
be transferred to a durable material that would not ouly defy 
the power of light and time to diminish tiitir oolonr or bril- 
lionoy, bat also place snoh preoions relira b^ond ftie rftka to 
which canvas and colour are ever liable. But to train men to 
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the effeotiTe indtAtion of great works, it was ueceasary to prao* 
^se them in nmalleT matters and on piofcnroa of lessor note; 
nnnoe arose a supply of works more within the compass of 
private individuals. It was no wonder that strangers in Borne, 
oyorwhelmed with the mighi^ works around, might wish to 
oarry away some memorial of the prooious relies of art which 
are the true objects to which devotion shonld bo paid in the 
“ slowly fading mistress of the world.” A supply was afforded, 
and a demaud arose for these works, and thus the Pope’s 
workmen are trained for the work of supplying the great 
churches in Borne with imperishable copies of the greatest 
works of tho greatest artists. 

In Venice, as in Borne, a constant supply of work for mosaia- 
workers was afforded by the repairs required for San Marco; and 
Signor Saiviati, a descendant of a bouse historically connected 
with art manufa<!tttre, having bogim by restoring tho manufacture 
of tho glass for whiuh Venice in the Middle Ages was celebrated, 
ho coutiuned his exertions in tlio cause of recreating lost arts, 
and having manufactured smalfi such as was used by tho ancient 
artists, he determined to cnltivato the taste that lisd been dis* 
played by them. Money being requisite, he obtained tho neces¬ 
sary snppoxt from England, and in return he has sent to this 
country many oxcellout speuimens of what he has been enabled 
to accomplish. Tlio impetus given to urehiteoturo during tho 
last twenty years has greatly influenced, as might have been 
oxx>ectod, all the arts connected with architooture, and thus 
mosaic has again found the place which it once took among tho 
kindred arts. In this matter Signor Saiviati has done good ser¬ 
vice, Bimw ho not only has himself carried out much decoration 
with this material, so well adapted to ysurmauent ornamenta¬ 
tion, but he also prepares tho material of which others can 
make nso; and our own manufacturers of the terro-cotta tessorio 
and tho small tiles whiuh can bo introduced in varions ways, 
avail themsolvoB of Ins glass, and especially of the goldcii- 
covored glass so well adapted for backgrounds, and which the 
manufacturers in this country have as yet been unable to 
imitate. 


SOLDIERING.—III. 

' BY A BTAFl'' OPFICEK. 

EQUIPMENT OP AN AEMY-WEAPONS. 

I HATH said that wo must constantly keep before us the fact 
that an army is an organism, the active energy of which depends 
on tho nature of tho spirit which pervades it. JJovorthelcHS, 
os the object of tho enrolment of an army is the development 
of physical power, it is all important for us to consider 
what material agnneios can bo employed to that end with 
tho greatest eifoct. The two questions are so closely bound 
up tegcUier. that it is historically tmo that the c^atigcs ifl the 
nature of the agents omiiloyod have contributed more than 
aby other oanso gradually to ehango the nature of tho dis¬ 
cipline or prevailing spirit, by which arraibs are hold together. 
Tlio armies of our day differ essentially from those which 
existed previous to tho invention of gunpowder. The field of 
Btiidy with i-efcn-nco to recent times is in itself Vhst. Hence 
it is nnodvisnblc for one who would learn the condition of modem 
wars in tho most perfect degree, to occupy himself long with 
armies of tlio earlier period. Obviously tho great change is dno 
to a differonoo of eqirijwictif. Till fire-arms were introduced 
the great object aimed at in a soldier’s equipment was that of 
rendering it iiupervions to arrows, javelins, and lances. All 
• each oonsidorations were swept away by a weapon which drove 
its bolts through any weight of metal that men could carry, 
scarcely loss easily tlian through broadcloth. Defensive armonr 
almost entirely disappeared, and tho oouditions under which 
soldiers have now-a-days to \» eqnipjHid present an altogether 
different aspect. I include under the general term equipment 
all that must be actnally present with the fighting portion of 
the army at any one moment. Wo shall have to consider at a 
later st|ge how the army has to bo provided with further 
supplies of its chief reqnisites. 

The different portions of equipment may be conveniently 
olasi^ under the following ha^ :—First, those which are rc- 
roqnired for actual fighting purposes; secondly, clothing; 
Wd, lastly SQdi nocoBsaries os it is Indispensable t^t theAght- 
iaf jArt 01 the smy should have aotoaUy at hand. 


First, as to the weapons we now employ. I need not dwell 
on the details of the subject, for a fall desoription of aU of them 
has been gpven in papers of The Teohnical ^ucatob specially 
devoted to that purpose. But they concern us here in so far as 
their special oharaoteristios affect the question of organisation. 

We have, then, two groat classes of fire-arms. First, as 
being in fact the more important, the small-arm; and secondly, 
the big guns; the one such as a man eon carry; tho other 
comprising all guns beyond that size np to the most enormous 
piece of ordnance which can be invented. The progress of 
improvement in fire-arms has gradually reduced to an alto¬ 
gether secondary importance aU other kinds of weapons. I 
say it has “ gradually ” brnnght this about, because wo do 
still employ hand-lo-hand weapons in fighting. Tho bayonet, 
the sword, the lance are still in use; but, os time bos gone on, 
the employment of all these weapons has rooednd in import- 
onoe, and battles are more and more fought out with firo-aTm,s, 
all other weapons being only acoessory, 

Ono other agent, however, tho value and force of which has 
boon appreciated from the earliest times, remains almost an 
importeni as over, if its action on the whole be taken into 
account, though that is scarcely true of its present effect in 
mere fighting. Tho horse ha.s been nlwoys employed by man 
for innumomblo purposes in war, but in bis special use for 
actual fighting purposes his action is so imjiortant, that 
in order to take full .advantage of it we continne in this one 
instance to employ )iand-iu-h.and weapons as /hose of primary 
importance, fire-anna only for socondaiy objects. In tlio charge, 
in fact, tho hoi-se and man become thcmsolvos the projectile, of 
which the wcajion held by tlio man is only the point or edge. 

Tho subdivision of armies into the three so-called " arms ” 
of the service—the *• infantry,” tho “ cavalry,” and the 
“ artillery -is duo to the necessity of employing effectively 
those several agents in war. Tlio training which, as expi’ricnce 
has taught us, is required for tho soldiers who are to fight on 
foot, and who can bo employed in using either fire-arms m- 
hand-to-hand weapons, is iiecossarily very diflbrcnt from that 
either of f.ho cavalry—tho horse-soldiers ; or of the artillmy— - 
those who are employed in managing tho big guns. Simple as 
these facts are. I can hardly insist too strongly on this, that the 
whole use or ahn.se of eaidi of tho three arms turns on tho 
original cause of the suhdivision of armies into them. The 
question always is, how Is-st to bring out tho full effectiveness 
of the ici’ii/joiis of tho infauirj and of the artillery, and the 
horses of the cavalry. 

There are two Somewhat curious facts which, so far as I am 
aw.are, have not boon pointed out before. Hardly luiy recent 
poriod of war, however long, appears to have developed durin": 
its course a great improvement in armament which has been so 
porfeeted as to bo snccossful during tiiat war. Scarcely any 
ono of the great European wars of this century has eommonced 
without some improvement upon tho material of war whieh ha- 
been effected during the preceding interval of peace. Thus, 
percussion caps were introduced shortly before tho Italian ward 
1818. Eifled small-arms bad come into effootivo use just before 
the Crimean war. Biflcd ordnance was used freely by the I'rench 
in tho campaign in Italy in 18.5fl. The campaign in which 
Austria and Prussia crushed Denmark cannot fairly be reckoned 
among these. It was in fact tho trial ground for the breech¬ 
loader, which canto into o’ffootivo use on the Prussian side in 
18G(5.' Lastly, in 1870 wo have tho mitrailleuse. 

In all these campaigns except the lost tho superior armament 
was on the side of tho victors. It must be carefully borne in 
mind in reading of any campaign, that these questions of arma¬ 
ment are always of extreme importance. They are constantly 
ignored even by regular military historians, except where a 
'tiaditioual interest has in some way attached itself to a special 
ease. I may cite, ns a notable instance of this, that thongh, as 
I have said above, perousaion caps had boon invented some time 
before tho war of 1848, I have been entirely nnable to find 
any record as to whether they were used on either side, or on 
neither, during the ctunpaigu. Yeij, military oriticism, without 
a knowledge of sneh points as these, is ont&ely nnsatisfaciery. 
Tmo dednetions may, no doubt, often bo drawn from tho bare 
outline of events ; Imt the general who feels that he possesses a 
praotioal oeitainiy of snceess in small details, finds this fact tell 
in his favour to an extent whieh enables him to venture many 
things whidh B would be very rash to attempt under less 



SOLDIEBING. 


267 


faTcmrable conditiona. The fact that the partionlor improve- oleara may. MoTing atroight do'irti towards them they see a 
ment of any given period has ceased to be the one that we now Hue of bayonets. Then a lond cheor rings out from tbe hitherto * 
adopt, by no means proves that it was not of almost decisive silent ranks. These are coming on now steadily, rapidly—with 
importance at the time when it was introdnoed. Thns Frederick on evident intention not to stop—straight at them. The strain 
iho Great of Pmssia was much assisted in his victories by a is too severe. ,The column does not wait to be attacked, bnt 
gabstitntion made in his day of iron for wooden ramrods. The breaks and flies. “ Never,” says tbe old marshal, “ did 1 see 
wooden ramrods broke, and were at best so much more otbor than one end to it.” 

dumsy in loading that his men were able to fire mnch more 'J'bo description tolls more than a hundred dissertations on 
rapidly than their enemies. Snoh inventions as those always in the theory of the thing in what wuy in those days ttie weapons 
two ways increase the power of an army. It is not merely that conld bo made to produce tbe greatest eifect. The fire of 
they have a greater physical effeot. They give a confidence to modem small-arms has become so infinitely more deadly, its 
one side, and discourage the other so muoh, that after a victory range and its rapidity of fire arc so very much greater, that many 
or two won by their aid, men come to believe on hotli sides new considerations have to be taken into account. But of one 
that those who possess the superior weapon cannot bo beaten, fact wo may bo perfectly sure, that no application of modem 
Thon they certainly ore not likely to bo so. weapons can be offoctivc which is not based n}«m tlio same 

To attempt, therefore, to study the motives of a gcnoral’s thorough appreciation of the fact that men are not machines, 
action, and either to judge his conduct or to learn from it with- that the effect yon produce is not in mere proportion to the 
out ascertaining all that can bo found out under this bead, is number you knock over, as if they were pawns or :iincpins; 
certainly misleading; the more so because wo are all apt to but upon the extent to which you ^so work njam their imogi- 
faney that success is in each particular instance a sore proof nation and spirit. It would be difiicnlt from the rcKwnt cam- 
that skill baa been displayed by the successful; a conclusion paigns to obtain an illustration as telling; a fact for which 
scai'coly more sound than the deduction that a man is a good it would bo easy to account without assuming that any- 
wliist-playcr bocanso bo has won a rubber, or a had one thing has occurred to modify the importance of such oon- 
bocause he has lost it. To carry the illustration further, a good sidcrations. General Grant, however, now President of the 
whist-player may sometimes CM.lculato too ranch on tbe (‘liaiicc.s United States, used to say, “ 'When yon soo that your men 
of a very strong band. He is mistaken, but liis pLay may have are pretty nearly cxbaxrstcd an»l are beginning to waver, then 
been correct. So the assuiniitiori that a general, with ccrluin | is the moment to close; for depend upon it your enemy is 
special advantages in his favour, suiih as those I have ilcHcribcd, | nearly in tbe same condition.” 1 insist upon this for those 
has been wrong l>ccansi> he has attempted what niidiT other | reasons. Beyond all question tb<' fire of uiodern weapons bos 
eircumslancoB would have been iMsli, and lias failed, is certainly 1 beeome so deadly that our attention has now to bo directed, 
not a fair ono. Wliat, moreover, is more important is. that the j and perhaps it is not unfair to say directed mainly, to the object 
dciluetioiis so drawn aro apt not to bo just, and to lend men j of diminishing the effect of the enemy’s fire, at the same time 
to neglect the (iniilificatiims wliicli are always necessary in the that we endeavour to inuko onr own as effective as possible, 
application of general principles. But for all that, there is no sign whatever that the following 

It is in the infantry i.liat the sncci-asive changes of armament statements aro less true tlian they were formerly: that the 
have produced on the whole the most important revolution. H critical moments of battles arrivQ when men’s miiids'have reached 
will be necessary to observe how tlicso have gradually affected a certain point of tension; that the weapons will bo used with 
the drill when we consider that subject; at pri'sent wo must note the greatest effect by him who sncecods in making them tell 
the manner in which those changes have tended to modify tdio most heavily, both in producing that state of tension in tbo 
qn.alities which are of the greatc.st practica.] value in a soldier, enemy, and in ovcr-stroining it: and that tactical skill will now. 
As long OB it was possible to fight out battles hand to hand, a as formerly, consist very largely in appreciating correctly when 
ewtain fiery dash and eagerness to close itas all important. But tbe moment has arrived wlieti dooteive action will break down 
as the doadlincss of fire was more and more appreciated. ,and tbo nerve—the resisting energy- -of the opposing forces, and in 
generals began to perooivo that it was possible to rely upon it constantly feeling, as it were, the moiwl pulse of tbo forces to bo 
more and more, provided it wore brought to Imar with proper led to victory. Of course, I am not hero spooking of the com- 
cll'cnt, a change came over this port of the questio’ii also. It | binations by which iiroparatiou is made for success. Those aro 
was foimd even in the Peninsula that what told witli tbo greiit(>Ht strictly “ tactical ” questions with which these papers are not 
effect was a calm readiness to wait in obedience to orders till concerned. J speak here only of tbe direct apjilieuiion of tho 
the momunt liad arrived when the powers of the weapon could weapon, as a necessary introduction to certain m.alters of 
be brought to bear with the deadliest result. One of the ablest training which depend on it, and for the moment only of tlie 
of the generals opposed to us .in Spain (Alorsbal Bugctiud) hag infantry weapon. 

given a most lively and generous description of the manner in Now it will be obsen'cd that in the description given by 
which a fight in those days between his own troops and ours Marshal Bngoaud, the difference in effect of tiic irregular isolated 
used to take place. The following may servo as an cpi- shots sent by occasional Krciicliiiien acoinsl the English line, 
tome of his account, tho French being, he says, almost alwiivs and tbo single volley all poured in at one time, is very striking, 
tho assailants:—The attacking columns move to .issault the It is impSMiilo tp doubt the difference ui effeot produced by 
position hold by the Bmdish just boyond tho crest of some a groat loss suddenly iidllctod. from that caused by the same 
gently rising hill. The English, either at first lying down or loss duo to a long continuance of apjiarently not very effective 
standing with tho butt-omls of their rifles on the ground, give i tiro. In the ono case the assailants see and feel all round them 
no sign of their existence, except a lino of motionless red, which tho loss their numbers have sustained. Their adversaries seem 
just shows and no more along tho crest, while behind it hero and to them not to have attempted to oppose till tho opposition 
there an officer is seen riding quietly up and down. At first begun to bo most effectual. Hence, tho assailants have no 
the French dash forward with furious courage, chattering a previous oonsciousness of success to carry them on. The 
good deal, abasing tho English most savagely. 'Ilie exoitomeut defendants have no ooiisoiousness that their assailants have 
iacreasBB from moment to moment. Ono after onoiiher cannot boon gaining on them, but onij' that they have been allowed to 
ho restrained from breaking tho ranks, that he may relieve his pass over without opposition space where the fire would not 
feelings by a shot at tho enemy. Tbe column becomes more liavo lioen effective. On tho other hand, if tho defending force 
and more confused. As tlioy got further and further up tho had fired irregularly at the assailants, that irregular lire at 
lull the excitement and hurry tell more and more: the pnoo conaidorablo distances would not have produced any decisive 
nanuot he kept up. They realise ever more and more un- loss. The assailants would have gained coiifidenoc by their 
pleasantly the fact that all their excitement and flurry have sueoossful advance despite of it. Tho obvious iucfficaoy|)f their 
produced no effect upon tlie rod lino above them. These own firo to stop the attack would have proportionally cowed 
feelings have full time to react upon the previous over-exoite- the defendants. 

•aant. At last an unpleasant oliill succeeds, and now they are Such arc tho arguments by which tho superior efficacy of 
within point-blank range of tho enemy. They hear a single volley-firing and “ reserved ” fire have been upheld. 'I'o 
?wl word of command repoatod all ^ong tho English line, these it must be added, moreover, that the number of men 
jwwn Qome all the mnskets towards them. A momeat more, you can trust to fire calmly and leisurely, taking pr^iOT tim, 
^Ihon oomee a voltey of which few shots go astray. The smoko is not so great even in tho best trained army as might be 
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Bappoaed; ilukt in a ToUey thia oan be attended to snffioiently 
^by the ofieera simply lookmg along the line. Nerertheleaa, 
ve are aaatired by the beat anthorities that in praotiee, aa 
aeon aa a battle haa b^n^, separate firing ia the i^e and not 
the exception. It is not a little notable that thg nation whioh 
ia anppoaed, and rightly aappoaed, to hare developed more 
than any other the individo^ty of the soldier, haa oepeoially 
endeavonred in its prepatration for war to retain the advantages 
of the system of volley-firing, and to 'combine them with those 
of the free action of the individnal. Even in that special form of 
fighting, the development of whioh has been dno to the nature of | 
the new wwpon—Bkirmishing—the Fmasiana in their training | 
exercises always move up small bodies of men in support of 
any partionlar port of the soatterod skirmishora who may 
require assistance, and make them fire volleys till the opposition 
is overoome. 

Nor is this advantage of the sudden telling effect of a greater 
mass of fire poured in at one time the only one whioh ia 
obtained by having the men kept together as long as possible, 
and brought together again as soon as may be. ITor under Uio 
awful excitomont in whioh men find themselves in the stress of 
battle, it often seems to turn on a hair whether the very 
violenoo of the fooling will load them to go on in confident and 
victorious advanoe, or to fly in ruinous disorder. Then nothing 
BO restores their spirit and gives them energy for fresh struggles 
as to find thomaelvea among their companions, standing in the 
place they ore accustomed to. Lossos then seem loss terrible 
than when caoh man by himself can let his own imagination run 
wild, and when the fearful sounds on all sides leave an im¬ 
pression for above the reality of danger. It is necessary I’l 
state all these modifying ciroumstauces first, in order that their 
effect may not be ignored; bat the fact which remains of the 
most importonoe in iho latest phase of war is, that in order to 
got the full value out of the weapon, it is absolutely indis¬ 
pensable to increase ibo latitude which is allowed to the indi¬ 
vidual soldier in his use of it. At tho same time the space 
which must be covered by a given number of troops must be 
very much greater than it was formerly, in order that tho 
enemy’s fire may not cause tho awful desfunction which would 
bo produced in densely crowded ranks. The possibility of a 
charge with the bayonet nnder almost any conditions is now a 
matter of grave dispute, ondf os a result from all tho conditions 
above enumerated, it may bo pretty safely asserted that the 
general manner in which tho infantry weapon will bo employed 
in future will be somewhat of this kind. In attack, when 
moving over open ground, men will advance as rapidly os 
possible, and in as scattered an order as may be. Where 
isolated oovei presents itself suffioient for individual men, there 
it will be taken advantage of, in order to enable the advan(j}ng' 
aesaUautR to bring fire upon tho defendants. Hero tho rapid 
manner in which tho new weapon can bo loaded will tell so far 
aa the point goes in favour of .the attack; for formerly it was 
acaroely possible to employ the smoU-arm with effect in advances 
at all. Tho delay occasioned by desultory firing was too groat 
in proportion to the advantage gained by it. Now, thanks 
partly to the rapidity of fire, partly to tho now method of 
advance in deep “ clouds of skirmishers," some will be always 
firing whilst others ore advanoing. But always when possible 
knots will ho formed under tho orders of offloera or non-com¬ 
missioned offioers as often as cover can bo obtained for them. 
These will then, it possible, from their new position bring an 
affective voUoy-firo to bear on tho defendants, and aa soon aa 
, opportunity offers they will again scatter in order'to advance. 
X^ally, the attack will be decided by a gradual aeonmalation of 
troops so near to tho point to bo attacked that the fire of tho 
defendants is completely overpowered, and entry forced into the 
position with comparatively little opposition. Always, however,- 
the great danger will be lest too groat a mass should accumu¬ 
late at any one spot. The advantage of numbers must bo 
sought rather in obtaiiiing a vast number o( points from which 
fire cai^ be brought to boar, and in extending over a great 
expanse of ground, in order to try every part of the line of 
defence, and find its weak peunt, than in mere aocnmidation of 
weight, and an imposing body for the final rusAi. 

the other hand, it is idle to deny the direct advantages 
which man for man, and at tiie point where the attaok ooours 
the fsfeiAe has gained by the de^i^nunt of the effectiveness 
of fifes, -Since during the time that a man is moving forward 


he cannot be shooting, it follows at once that the man who is 
shooting' from a fixed position gains in proportion to the 
effootivenesB of the fire which oan be delivered daring the time 
taken by his assailants to move ovw the ground. So great is 
the advantage whioh, from this oanae, the nsw weapon confers 
on the defendant, t^t were it not for two oonsiderations it 
might almost be oonsidored decisive. The first is, that in tho 
best situation whioh oan be seleeted for taking np a defensive 
position there is always some point whioh is weaker than the 
teat, more exposed, ^at is, to the assailantB’ fire, and tho 
acoosa to which is less nnder the fire of the defendant; and that 
while tho defendant necessarily has to be prepared for attack 
at every point, tho assailant is able to gather his forces 
against tho point which bo selects os tho most vulnerable. 
The other is the enormous power of modem artiliory, which 
enables an assailant to bring against tho position ho assails an 
overi>oworing fire long before his infantry are ready to move to 
tho assault. This leads us naturally to the next consideration 
in regard to armament—tliat wliich relates to the big guns. 
There are some further points in the question of attack and 
defence which are connected with tho effective employment of 
tho infantry arms, but they are much more easily understood 
when we consider them with reference to tho "drill ’’ which has 
boon devised in order to enable armies to take advantage of 
the power of their weapons, that I shall leave them until tills 
part of tho subject is brought nnder consideration. 


TEOHNICIAL DRAWING.—LXTV. 

DBA WING) FOB BKIUBLAYEBS. 

Fig. .*>25.—Tlie design of tho floor given in thia example is of a 
very simple character, and consists of octagonal and square 
floOr-tiloB. Tiles of this character, and of varied manufacture, 
arc now made by several firms in ibis couul^, and may bo had 
to snit any building, or aduptod to any sized floor. Numerous 
beautiful spemmuns of these may be seen in the South Ken¬ 
sington Museum. To draw this pattern, divide the whole 
width into three eqnal ports, and draw linos dividing the 
surface into three equal strips, or as many as may be required 
in the design. Next draw lines at right angles to those, thus 
dividing the whole surmoe into squares. 

In one of these, as A B, draw diagonals, and from the angles, 
with a radius extending from the angle to tho centre (c), 
describe ares cutting tho sides of tho square in d, b, f, a, H, 

I, J, K. Join B H, I K, j G, and F d, and an octagon will 
bo inscrilied in the square, aa shown in Fig. 525, or on a 
larger scale in Fig. 526. Now measure the distance from the 
angle of the square to I or X, and set off the length on each 
of the four lines meeting at the angles of all the squares 
Join these points; the design will then be completed, and 
may be ooloured aooording to taste. The squares may bo 
formed of four triangular pieces, or may consist of complete 
squares. 

In tho following study (Fig. 527) another design for a tiled floor 
is given, the forma of the tiles being hexagonal and lozenge. In 
order to guide the student in drawing this pattern, the an¬ 
nexed elementary figure (Fig. 528) is given, from whioh the 
precise construction will be seen. 

Draw the regular hexagon A B c d e F. Divide each of the 
sides into three equal ports, as a, H ; i, j, etc. 

From the various poin-to draw lines across the hexagon, 
parallel to tho respective sides. These intersecting, os at e, B, m, 
will give a smaller hexagon in each angle of the original figure, 
leaving the star in the middle, and a triangle, as a H u and 
I K J, in eaoh of the sides. These triangles axe ike halves of 
the lozenges of six surrounding stars. 

Fig. 527.—In oommeuoing this pattern, draw the hexagon 
A B c D X F, and adjoining it oonstruet the others, whioh are to 
oonttun the smaller hexagons. Finish eaoh in the manner 
shown on the previous figure, and qplonr aooording to taste. 

FSEEHAND DBAWINO. 

It has in all the pievioua lessons been urged «n arttsans, to 
whatever branch of industry they may belpag,'that ail drains 
cannot be exmated by the aid of instramente, and that it i<> 
therefore indispensable that they should aoqniie some power in 
drawing by fxeeband, guided cmly by the eye. The question , 
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Bhcmld not be naked, “ Dooa a bricklayer over reqaire freehand 
"drawing!'** for although eduoation ahoald aa far aa ))oa8iblo bo 
iboronghly practical in ita character, atill it ia nnwiae for the 
yonng to atudy in auoh a narrow track. A bricklayer may not 
abeolntely require freehand drawing in hia work; but, for all 
that, the oontomplation of graceful and beautiful forma refinea 
and elftvatoa hia taato; and the accuracy of perception obtained 
by the practice of drawing rigid forme ia auch that it frequently 
enables him to cheek the work done by meana of inatmmente, 
and to detect where an error hae been made, BeaideH this, a 
brioklayor need not always draw brieka only; he will in time 
draw btiildinge, with their decoratione; ho will, by the aid of a 
knowledge of objoot drawing, bo able to make eketehos of any 
building or place he may visit; so that, from every point of 
view, tho student is urged to follow the elementary course here 
laid down as a stopping-stono to higher subjects. 

In order to avoid repetition in these lossons, and to economise 
space, the eubjocts of the freehand ci.crcises in “ Drawing for 
Stonemasons ” may l)« nsod at this stage ; they will be found at 
page 205, Vol. II., of Thk Technical Ei»i;catok. 

Assuming then that those have been satisfactorily accom¬ 
plished, wo proceed with 

lAHEAlt DRAWING RV MEANS GE IKSTEDMENTB. 

EOUNMATION OF m.'ILUIKOS IN «OOH SOIL. 

The meaning of tho term ami the general principles of 
foundatious have been treated of in lessons uii “ Building Con¬ 
struction.” The subject is here continued in order to give tho 
student a further insight into it. 

The ground on which a building is to be ereetod should bo 
carefully examined to a considerable depth, and if it proves to 
bo good throughout, such a-s rock, gravel, or soil of a sound, 
uniform quality, not liable to bo altered from time to tiinn, 
either entirely or in part, by the effects of water acting below 
tihe Bnrfnce, a trench is out aU round, and carefully levelled; in 
this tho walls aro commenced, giving, however, to each wall a 
base somewhat thicker than that part of it which ia to appear 
above ground. 

If the gi'onnd to be l)mlt on should happen to be very 
irregnlar, such ns tint side of a hill, which often occurs in 
pmotioo, instead of cutting tho whole trench intended fox tho 
building'to one general horiscmtol level, it is usually out to 
several levels in stops or torrocc.s, or, os it is technically termed, 
“ benched out.** When a building is to bo erected, the ground 
should not on any account bo cut to an inclined plane, although 
this method is sometimes u.sod in low boundary walls, as in the 
north enclosure of the infantry barracks at Chatham, whore the 
courses of bricks are all laid sloping. In any other description 
of wall this arrangement would he perfectly inadmissible, r 
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PHOTOUllAPHY.—VIIL 

By .T. C. Beaks. 

DRY PLATE PROCESSES. . 

AiiTUOTIou for oxceUeuoe aud certainty of result the wet col¬ 
lodion upeosa already described is unrivalled, yet tho diiEoulty 
and inoonveiiieueo of at all times carrying the uooossary che- 
mioals and a portable dark room to the scene to bo photographed, 
aaro sxioh that a process by which plate.s capable of receiving an 
impression, and which can be prepared and developed at homo, 
j has always been a desideratum to the out-door worker. Much 
attention has been gi von to tho production of sensitive dry plates, 
and at length several processes luive been inveutod, which aro as 
nearly os may bo expected eipial to that upon wet collodion, 
although the same amount of senaitivoness or certamty oannot be 
at all times secured. Knougb, however, has Ixeeu done to render 
these processes exceedingly nsoful where the subject will allow of 
a moderately long exposure; aud in some oases, such as dimly 
lighted {uteriors, where the exposure would be too lopg for the 
proper keeping of wet plates, those prepared as we are about to 
desoribe will enable the opmator to obtain pictures which it 
would be impossible to produce by any other method. 

There are, as we have before remarked, varioos prooessos by 
vriuch semitire diy plates may be tmepared, but their nnmber 
iaA;^}e nduced to two or three for pra^ool purposes, tiie 
oiMla llbiBg for the most merdy mcdificationB. these 


standard prooesses, that known as tho ooUodio-albnmen stands 
first, both as regards delioacy and certainty,' as well as for its 
extraordinary keeping properties. As may be implied from its 
title, this is a combination of tho albumen and collodion prooesses, 
both of these substances playing an important part in the pro- 
dnetion of tho picture. For tho production of sousitive plates 
by this process two nitrate-of-silvor baths will be roquiied; and 
wo may here remark that os a rule the silver baths required for 
cxdtiug tho oollodion film in dry-plato work should never bo of 
less stiength than forty grains to the onnee of water, aud 
should bo kept slightly acidulated with aootio acid. 

It is also advisable to keep separate bath solutions for wot 
and dry plate work, os tho conditions reijoired aro mostly 
ditTcrent; attention to this point will save much trouble and 
vexation. For exciting the collodion film a bath should be 
mixed containing forty grains of nitrate of silver to tho onnee 
of distilled water. To oacb pint of this solution add two or threo 
grains of iodide of potassium and enough aeotie acid to freely 
redden litmus paper, ^'ho second nitrate bath which will bo 
required for exciting the albumen must bo prepared as follows : 
nitrate of silver, thirty grains; distilled water, one ounce; dissolve 
aud add one ounco of glacial aeotie acid to Oitch pint of solution. 
'riicHc baths ninst ho kept each for ita own pniqinso, or failure will 
result. Next prepare the following solution: distilled water, one 
and a half onnee; pure albumen (from fresh egg.s), five ounces; 
iodide of potassium, twenty grains; bromido.of ammonium, five 
graiiis. Dissolvoiho salts in the water, and add to the albumen in 
a large bottle, as before described for tho preparation of allmmcn- 
ised paper; aud after a few minutes' shaking add from forty to 
fifty drops of strong liquor-amnionim; again agitato until the 
wliiiJo becomes eonverti>d into froth, after which it should be 
allowed some hours to settle. It must always bo carefully 
iilternd before use. Willi these sulatious prepared wu may {jass 
on to the niauipulativo details. 

Any good bromo-iodised eollodiuti will answer, bnt a somiilc 
should be selected which a<Ihorcs well to the glass, and it should 
be lememberod that a highly-broniisod collodion will be most 
successful in all dry processes. After coating allow the film to 
become well sot before immersion in the nitrate solution, and 
allow at least four or five minutes for tho conversion of theiodidu 
contained in the film. When removed from the nitrate bath, 
wash the film well first with dUtillcd aud afterwards witli 
common water, in order to remove the whole of tho free nitrate 
of silver. . Pour into a flat dish, xvhioh must he scrupulously clean, 
enough of the following solution to amply cover the plate; 
iodide of potassium, three grains; water, one ouiiec ; and allow 
tiie plate to remain in this four or five minutes, or while a 
second plate is in course of preparation. Wash well with clean 
water, drain, and pour over a portion of tho iodised albumen, 
allowing it to soak well into tho film. Allow the first quantity 
of albumen to flow off the plate into the sink, and repeat the 
operation with a fresh supply of solution, reserving the snrplus 
fur tho first coating of tho next plate. Set the ooatod plate to 
drain upon blotting-paper. It is a good plan to provide a clcun 
box or uupboord in which tho plates may bo set to dr.v, as tho 
albumen is exceedingly liable to attract particles of dust, which 
would produce spots in tho finished picture. 'When tho plate is 
dry (and it may be dried by artificial means if roqiurcd, being in 
its present condition nearly, if not quite, insensitive to light), it 
will bo ready for immersion in the second nitrate-of-silver bath. 
Before tliis immersion, however, it is better to'thoroughly dry 
tho film before a fire, making tho plate quite hot, or blisters will 
probably ensne, and tho film may be broken. After immoraion 
in the second bath for one or two miunies the plate should bo 
removed, again thoroughly washed in clean Vfater and dried, 
when it will be ready for exposure in the camera. Bespoctiog 
tho exposure little advice con be given, except that as a rule 
plates prepared os above deseribed will require at least four 
times that necessary for wet collodion, aud fieqnently eveoi more. 
One of the great faults of inexperienood dry-pltdie workers is tiiat 
they frequently under-expose their pictures. Over-exposure can 
mostly be remedied in the development, but nothing can posribly 
be done with ja plate it the detail in the darker portions, be not 
properly impressed. 

^e usual developer for plates prepared as above described is 
oomposed of a saturated solution of gallic aoid, made by pouring 
boiling water upon the oiystal and agitating, pouring off the 
solution when oold. A quantii^ of tiiia eolation should 
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prepared and filtered, and a small prox>ortion of a tou-grain 
solution of nitrate of silver added before pouring over the plate, 
which should previously bo wetted, in order to faouitate the 
flowing over the surface. 

In the ease of small plates, a snifioiont quantity of the develop- 
ing solutipn may be poured into a dish and the plate immersed, 
but core will be required in order to avoid stains, if the solution 
bo not kept in motion, and as soon as any discolouration of the 
solution is observed the plato should be well washed and a fresh 
<iuantity applied. To those aucnstomed to the ru])id dovelop- 
uiont of collodion negatives the process in the ease of dry plates 
may seem long and tedious, a collodio-albumcn plato seldom 
developing in the way wo have just dosoribod under half an hour. 
(?are must be taken, however, not to iiiakn the negativo too 
intense, ns the deposit in this case is of a peculiar yellow non- 
aotinio colour, so that a negative which appears to the eye thin 
and translucent is chemically sutticicutly deiisu to yield a 
vigorous proof, while if the density were carried to anything like 
tli.at usually necessary in a wet collodion negative the print 
would be hard aud utterly useless. In ca.se of undcr-e.xpo.surQ, 
or if the development should be unusually lardy, it may be 
hastened or completed hy the use of a solution of jiyrogaliic 
acid, us follows : pyrogallic acid, two grains; water, one onuce; 
glacial aeotio acid, twenty minims. 'J’lns solution must bo 
]s)ured on and olf the plate, and not used in a dish, as its action 
is oxtronioly rapid, and must bo carefully watched. Of course 
the usual addition of a few drops of iiltrate-of-nilver solution 
must be made before applying it to the jilato. Sometimes the 
develu]>meut is effected by means of pyrntrallic neid solution 
entirely, and this is the modem practice, bnt it is not so safe in 
the hands of the tyro a.s t.lio slower metliod by means of gallic 
nod ; and wo would therefore suggest tiiat its use lio defenud 
until tlic Operator has gained some expcrioiieo in tlio dcvelop- 
lucnt uf dry plates. When the ojieration of develoximont is 
cuiiipletud the plato may be washed, and fixed in a saturated 
solution of hyposuliiliito of soda as usual. Tiio process wo 
liave now described is one wLich may bo easily and safely 
worked, and although there arc others which are more rapid ami 
porliaps more simple, it is tlio one which the beginner should 
.■ilwiiys eonimonco with, a.s being likely to produce less failnro 
unil disappouitmeiit than those of a more delicate character, 
such as we shall describe in our next paper. ■ ^ 
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SANITARY ENUINKERING.—XVIII. 

CISTEKNS AND ECONOMY OK WATEB-VENTILATION OP 
PIPES. 


Ix two preceding papers (XVI. and XVII.) wo briefly dealt with 
the methods of water-supply for villages and towns ; and wo now 
proceed to give the detail of various inventions for storing and 
also for economising the supply thus obtained. In tho last 
century cistorns were almost invariably made ol' lead, in some 
eases cast solid of suflioient tliickiioss to be fixed without 
external casing; the outside was often druoratod with panel¬ 
ling in designs, and sometimes with coats of arms. Tlio usual 
mode, however, was to provido a strong wooden cistern, which 
was subsequently lined with lead soldered together at the angles, 
either oast in sheets or rolled in a mill, described in the first 
case as “cast,” and in tho latter os “milled” lead; and this 
latter system is still extensively in use. 

Withm the present century, however, several other materials 
have been adopted for the pnriiosn—e.;/., cast iron in one piece 
for small oistems, and in a number of plates jointed together 
with flanges and bolts for those of larger dimensions, the joints 
being rendered water-tight with cemeut. Ksamples of this 
class of construction may bo soon in the water-tanks for tho 
supply of the engines at most railway stations. 

This introdnetion of slate is, however, the most important 
feature of modem timea in the cunstruetion of what may be 
termed household cisterns, and ns it is much cheaper than load, 
it has almost entirely superseded its use for all common purposes. 
The inereosed facility in obtaining what is called slab slate of 
lata years, renders it possible for all. except very large oisterne, 
to ^ oonstmoted with riie ends, sides, aud bottom each eon- 
sistisg of one ringle piece of slate. These are rabbeted together 
at the angles, oemflned in their place if necessary by small iron 
bidts, and the joints tendered water-tight with red lead. As 


s^te, from tho density of its texture, is soaroely affected by 
otmospherio changes, when the work is onoo properly oxecutedf 
these cisterns are poifeetly eifioient. They arc also free from au 
objection that applies to load of oU descriptions, and that is, 
that especially with soft water, when the water remains for any 
considerable time in contact with tho lead, a chemiool action 
takes place by which tho water holds a certain quantity of lead 
in solution; and if this be allowed to proceed to any extent, tho 
result when tho water is used for drinking is very deleterious, 
produoing the symptoms which are well recognised as those of 
lead poisoning. 

Another material recently introduced for this purpose is sheet 
iron, which should always lie galvanised to protect it from rust. 
Tho sheets arc rivotod together, aud, where the size is so large 
as to require it, strougthouod with iron eross-bracos. This 
material is largely used for sltips' tanks, us well as for household 
oistems, and most of tho large workbouso infirmaries erected 
rueuutly, aud also tho largo gTou]>s of buildings curried out 
within the lost two or three' years for the Metropolitan Asylums’ 
Board, have boon provided with cisterns of this eoti.straction. 

Where, however, as is often tho ease in country houses, the 
general storage for the water is below tho level of the ground, 
a brick tank is the usual receptacle, lliis can bo made perfectly 
water-tight by a lining of comciit within, and when the size is 
unusually largo and the depth considerable, au outside coating 
uf usphalte may bo employed with advantage. 

Having thus described tho materials for the construction of 
cisterns in ordinary use, wo now give the detail of Torious con¬ 
trivances for economising the water-aup]>Iy. 

In districts whore tho supply is limited, or in houses whore 
the cistern aec'ommodatiuii is couiparatively small, it becomes 
important that the requisite flushing should bo done with the 
minimum quantity of water, and fur tins purpose various inven¬ 
tions have been introduced. The one showu in Fig. 10 is 
Hooker’s pattern, divided into a smaller and larger compartment, 
with lovers and valves so arranged that the cuntonts uf the 
smaller cistern only are discharged fur flushing purposes ; the 
same action that releases tho water closing for the time the 
coimeotiun between tbu two, which is restored when tho opera¬ 
tion is complete ; tho main store being thus retained intact, and 
tho smaUor portion rclilliug itself immediately. 

Our second illustration (Fig. 11) shows n, flushing cistern of 
somewhat similar oonstruution, but so arranged us to be indo- 
pundunt in itself, aud to bo attached to any ordinary larger 
cistoin already fixed or othorwise, the same object being attained. 

Our third sketch (Fig. 12) shows aiiuth<-r nduiitaiiun of the 
same principle, but with a horizontal instead of a vertical 
division, tho whole construction in this case being of cast iron. 

I Ill a previous paper wo have had occasiou to call attention to 
thwdifferonoo between “ constant ” and “ intermittent” suj'ply, 
and our next illastratiou (Fig. 1.1) shows a coiitrivanco for tho 
oeouomical supply of water to a closet where there is a constant 
supjdy nt a considerublo pressure, for which purpose only it is 
adapted. The air-chamber, wliiuh is uf cast iron, must be con- 
noopidjrith the main, and perfectly air-tight. 'Jlio weight of the 
head ofw^,er omnpresscs tho air within tho chamber, and tills 
it with water up to a uertaiu point, the quantity being sulUdont 
fur tho thorough serviou of tho closet. When the clo^t is used 
the connection with the air-chamber is opened, the oomprossed 
air regains its original volume, disohurgiug the water forced in 
by tho pressure, the same action severing tho connection with 
tho main, which by the return action is again ojicuod, when tho 
oir-ohamber again charge's itself os befere) about two miuutqfi 
being tho time retjuired, or even loss. 

This apparatus, which is called Common's patent high* 
pressure closet, has been used extensively and suceessfully in 
Brighton and other large towns where the constant supxily is 
in oiieration. In a subsequent paper of this scries we propose 
going in fuller detail into tho various descriptions of closet 
apparatus, and thoruforo omit at this i>oint any description ol 
the remaining portion of the sketch, which is only jntroducoJ 
as an illustration of a certain class uf methods fdt eoonomisiug 
water-supply. 

Bcgnlatprs, of which Howard’s jiatont is perhaps the best uf 
its class, are another means of attdning tho same object. They 
are attached to' '&e water-service at its jnnotion with the 
appaxatua, and not to the oiatern, and consist of B'*braiil 'valve 
so arranged that the doUvery of the water can be regulated by 
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a Ktvw at plaaniie, in aooordanoe with tiie head or body of 
t water to be dealt wi&. The mah ooneeqnent npon the wotkiag 
of idle ordisaiy closet is thus avoided, snffioient water only bemg 
delivered to do the work thoroughly wi&out waste. When the 
water, however, is charged with any foreign matter, the smaU 
apertore in the valve is apt to clog, and thus its efliciency is 
interfered with. In these oases Underhay’s system may be 
adopted with advantage. Here the supply of water is received 
into a valve constructed with leather, like a bellows, the same 
result as before—a gradual discharge—being obtained ; the 
leather, however, is perishable, espeoiaJly if it be exposed to 
damp externally. 

Having thus briefly described some of the methods in ordi* 
nary uso for economy in the use of water-supply in connection 
with drainage, before going further into the det^ of valves and 
closets, whi(A will form the subjeot of our next paper, wo 
wish to call especial attention to a matter wo venture to think 
not generally understood, and that is the ventilation of pipes. 


meter, and then the pipe itsdf becomes as it were the flue 
which the remainder of the system with whitdi it is connected 
is ventilated; and in some oases this is so completely carried 
out, whore unusual care is required, that the space be^een the 
bottom of the valve and the water in an ordinary valve-doset 
has a small air-pipe running into the ventilating soil-pipes. 
We may mention Sandringham House ah an instance of tho 
adoption of this precaution. The next point is to prevent any 
foul air from becoming what is technically called wafer-bound, 
i.e., that when flushi^ takes place, a free escape should be 
provided for the air displaced, which, unless this is done, bubbles 
up through the water by which it is supposed to be hermetically 
confined, with the usual unpleasant results; and sometimea even 
when the plumbers’ work is perfect in itseU, a wont of attention 
to this same point of water-bound air in the drains will produce 
the same result. Objections are frequently mode to erecting 
closets in confined situations from fear of tho want of general 
ventilation; but if the above cautions axe carefully attended to 



Lea^ ia atill the material generally in use, and will probably 
continue ao to be; but wbetber of lead or of iron, or of any ether 
material, our remarks will equally apply. One of the most 
important sanitary requisites in buildings of any kind is good 
plumbers’ work; and there are two all-important requirements. 
The first is, that tho strength of the material shall be sufficient, 
and the work well executed, aa in no trade is perfeotion of 
Workmanship more absolutely nooessary, the least defect reveal¬ 
ing its presence by its unpleasant and unhealthy consequences. 
Bnt the second is equally important, and that is ventilation, as 
we shall proceed to explain, for the work may be perfectly well 
executed, and yet if this second requirement be either neglected 
ot misunderstood, unsatisfactory rosolta ensue, the oauso of 
which is often obscure and difficult to trace. The great secret 
is to proride for the eeoape of oU foul vapours to the outside 
ait by means of the pipes tiiemselvea. Ordinary building speci¬ 
fications, as drawn even by the best professional men, are ^ten 
wanting in explicit detail in this respect. The common wording 
is, “ provide sll necessary ait-p4)M,'' the details being too often 
left to ihe discretion ^ the werkiBg man. Every eoil*pipe 
ahO ^ ^ Mjav eaa vaotilating-pipe finm its timmost point, omnmnni- 
tatidf'liJritit Ihe external ait, <0l not lets nan two inches in dia- 


by an expert, they ought to be absolutely and perfectly free 
from smell in whatever position they arc placed. 

This question of ventilation is aU important in matters con¬ 
nected with drainage. Miss Nightingale says, “ I have met just 
as strong a stTcom of sewer air coming up the stoaxcase of a 
Ziondon house as I ever mot with at Scutari, and this sewer air 
is retained in the bedrooms. No house with an imperfectly 
trapped pipe communicating with the sewer from the sink, can 
ever be heathy, and may at any time spread a fever among tho 
inmates of a palace.” The recent (1871-2) illness of the F^oe 
of Wales has given only too striki^ confirmation to this well- 
founded observation. In our present paper we have given, as 
far as our limits have allowed, some guidance as to the general 
principloB to be adopted for the complete avoidance of «dl, danger 
as for as internal conitmction is oonoomed; and aS we proceed 
with the subject, we hope in some subsequent paper to 
how by the proper trappkg of drains external to house, with 
ventilation always kept in view, the erila which we fear are only 
too common may be effeotually guarded against, and the noxions 
gases evolved from sewerage harmleesly discharged into the 
external air, and iyphoid fever, witii its oognate diaox^ers, effec¬ 
tually kept at bay. 
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BT OXOBan OLADBTONX, F.C.S. 

OOFFEB (continitwi;, 

pBOrXBTIBS — BOLlINa — HAHMKBINO — WIBX-DEAWINO — 
PtATINO—ALLOTS—«ALTB OF OOPPXE. 

POBX oopper is easily, reoogiiiBed by its red ooloar, which is so 
familiarly known as not to need description; there is, indeed, 
no other simple metal with which it can be confounded. It is 
capable of reueivin? a high polish, but does not retain its 
brilliancy long, as it is liable to bo affected by the atmosphere, 
under the inflaonco of which it turns green, or a dark brown. 
This circumstance detracts considerably from its utility, except 
when combined with other metals which reduce its liability to 
tarnish. It melts at about 2000'’ Fahrenheit. It expands . 
but riowly under the influence of heat; the calculation being 
that its linear expansion between the temperature of ice and 
that of boiling water amounts to Its power of conducting 
heat is, however, about 2} times that of iron. Its elasticity 
is only slight; but it is very tena¬ 
cious, and can therefore be rolled 
or hammered out into thin sheets, 
or drawn into fine wire; and it 
becomes harder under those pro¬ 
cesses. 

On account of its high value, it 
is never used in on \iumixed state 
for large works; but it is applied 
to a great variety of purposes, in 
which its special advantages out- 
wtugh the question of cost, iiiomo 
ef these must now bo briefly 
alluded to. 

Tlio bottoms of ships nro 
khoathed with oopper, or on alloy 
Ilf this metal, for the purpose of 
protecting them from the attacks 
of worms, which would otherwise 
boro holes in tlie wood; as well 
as from hamaclos, whidh would 
attach themselves to the surface. 

The former would impair the 
strength of the vessel, and oanse 
her to leak; the latter would in¬ 
terfere with her soiling powers by 
preventing the free passage of the 
hull through the water. Tbegentle 
corrosion of the copper caused by 
the sea-water prevents any of 
these creatures from adhering to 
it. In making the sheathing the 
metal, is rolled out into largo 
sheets between heavy cylinders 
driven by steam. The oakes of 
copper while rod-hot are passed between the first pair of 
rolls, and ore then re-heated before the second rolling, and 
so on, until the plate has acquired the thinness desired; each 
successive pair of rolls being sot oloser together than the 
preceding. During these successive heatings the copper he- 
wmos oxidised on the surface: to free it from which it is dipped 
into a bath of urine, then heated afresh, and while hot plunged 
into a tank of cold water. The ammoniaeol salts, having 
entered into oombinatioii with the oxide, form a Boole, which is 
detached by the water, leaving the surface of the metal quite 
bright. 

Copper sheets, thinner than those used for marine purposos, 
are sometimes employed in roofing. The spires and roofs of 
+ and other publio buildings are not nnfrequently 

eeen oonted with oopper, whioh may be recognised by its 
"BU greenish hue; bnt this appHoation is passing ont of ^te, 
•a lead, sine, and tinned or galvanised iron are found to ho 
more eoonomioal. '* 

vessda lued for culinary Bnd«»mBnnfaotnring purposes 

moh aa moulds and stewpans, urns and kettles, stiUe and 
—am mads of hammered metal. For making snob 
a oironlar aheqt til oopper of the required diameter ani 
wimeae is taken, and beaten on one side until it assnmes a 
^ noUow oonioal fon&{ and by oontinaing the hammering on the 

voh. m. 


inner sido it oan he beaten ont to almost any shape that may 
be desired. From time to time the metal has to be warmed or j 
annealed in order to prevent its beaeming brittle; and this has 
to be attended to all the more oorefolly aa the work proceeds, 
08 the tendency to brittleness increases the longer the hammer¬ 
ing is carried on. Figs. 1,2, 3, 4, in accompanying illustra¬ 
tion, will serve to illustrate the intermediate forma assumed by 
a flat disc of metal under the hands of a workman in hammering 
it out into the shape of a vase. In this manufacture it is 
highly important to test the cupper to see whether it contains 
any, or what foreign ingredients, as some of those whioh are 
commonly found in it greatly affect its malleability. Thns 
antimony and arsenio sure highly objectionable, even when 
present in very small quantities ; silver, on the other hand, is 
rather beneficial than otherwise. A carefuj chemical analysis 
should bo made, as small quantities of iron, and other 
metals besides those above named, may often be funnd in 
merchantable oopper. 

The tenacity of this metal renders it very suitable for wire¬ 
drawing ; and this application of 
it may ho fonnd in almost every 
household, bell-wiresbeingusuolly 
made of oopper. In drawing it 
out, the same tendency to become 
hard and brittle is experience, 
ns when under the action of the 
hammer; it is, therefore, neces¬ 
sary to anneal it from rime to 
time during the manufacture, in 
order to restore its softness and 
toughness. In making very fine 
wire the heat of a flame from 
burning straw is snftciont for the 
purpose. 

Copper wire has within the last 
few years received other very in^ 
}>ortant applications, on account 
of its high power as a conductor 
of electricity. As compared with 
silver wire, whioh is the best con¬ 
ductor known, and is therefore 
taken as the standard, it ranks 
as 94 to 100 ; iiono of the other 
metals con at all comparo with 
those two in this respect. Only 
the very purest copper should 
be used for this purpose, os the 
smallest admixture of alloy or 
other foreign matter greatly in¬ 
terferes with its ofiicienoy. In 
its application as telegraph wires 
there ore several other reasons 
why none but tlto very beat ma¬ 
terial should be employed; snoh 
j os the immense length to whioh the wires extend, npJ the import- 
' anoe of fA-juyil^ .of action, and of sensitiveness, in order to 
i eoonomise the eldotrio power. According to the very oarefni 
! experiments of Sir Charles Wheatstone, a oopper wire will trans- 
I mit elootrioily at the rate of 288,000 miles per second; but in 
! practice nothing like this speed can be attaint, as the insulators 
and the medium through whioh the wire xiaAsea become affected 
I by induced currents, which cause a loss both of speed and 
' power; the inferior eondaotors being stiU more liable than 
copper to suffer from these causes. 

The same principles whioh suggest the use of copper wire in 
telegraphy also indicate the propriety of using it as a pro¬ 
tection against thunder-storms. In shipping, whore lightness 
! as well as cffioicnoy has to be studied, this metal is always 
I employed. A thin strip or wire is oarried up to the masthead, 

! whioh by its superior oondnotivity will efliSctually protect the 
; mast from the effeois of the lightning, and that witl^ut risk 
' of being fused by the cleotricity; its power of resisting fusion 
being in proportion to its power of oondnotion. 

I Silvorsmi^B veiy frequently make nse ef oopper as the 
j foundation of then manufaotnres, and then coat the goods over 
i with a thin film of the more valuable metsl. This to done by 
I rubbing it over with a oomposition made of nitrateMof stver, 

'i dUoiide of sodins^ ud the acid tartrate of potash, wh«a a 
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decomptmititm of the former ealt takes plaoe, and a film of the 
meteillio sUrer is deposited upon the surface of the copper. A 
heavier plating is made a mechanical proocas. A sheet of 
silver is laid upon one of copper, a little powdered borax being 
placed between them; they are then heated in a furnace 
nearly to the melting-point, and while in that state are passed 
between heavy rollers, which bring the surfaces of the two 
metab into actual contact. Those plates, consisting of copper 
on the one side and silver on the other, are then worked up into 
various useful ortiolos for the table. 

Copper was formerly used in making our wrins of the lowest 
denominations, until snperseded by the bronze ouinage; but it 
also finds its way into tbe gold pieces, a certain per-centage of 
copper being mixed with the precious metal to give it increased 
hardness. Our standard gold contains poi' cent, of copper. 
The rod gold of jewellers b still more highly alloyed with it; 
sometimes to the extent of 2.5 per cent. 

Copper forms the principal iiigrodicnt in several alloys of 
very considerable value for industrial purposes. The various 
oombinations of thin metal with tin have already boon described 
in Azticlo XVII.; while those with zinc will form the subject 
of tbe next impor. Those with niokol, lead, and other metals, 
will be described hereafter when treating of those dift'eront 
elements. Sometimes it b mixed in small quantities with iron; 
the addition of about 5 per cent, of copper to grey pig-iron 
yi'dda an alloy of very donsiderablo hardness, which b llicrofore 
leoommonded for anvils, and other implements winch have to 
endure rongh usage. 

Phosphorus also forms some definite chemical combinations 
with copper. It yields two phosphides, the one containing six 
equivalents and the othur throe equivalents of copper to one 
of phosphorus; giving 14T and V'S imr cent, of the latter 
element rospeotively. Both those alloys are very hard and 
brittle, with a crystalline ■ structure; but if the proportion of 
phosphorus be reduced to About H per cent., just tbe opposite 
effect is ptoduced. This compound is much more readily fused 
than pure copper, becomes very limpid, and makes excellent 
castings when poured into ohiils or iron moulds. It greatly 
contracts in cooling, and can only be rolled and hammered 
when cold. It will endure a weight more than 50 per cent, 
greater than pure copper, without breaking; being in this 
rospeot superior even to gun-metal. 

It will now only remain to ceiMider the principal salts of 
copper of importanoe in the arts. Tlioir nsos are so varied 
that they will continually bo found mentioned in other series 
of articles, such as those which treat of glass-making, colours, 
dyeing, alum, and many others. 

The manufai'.tnie and uses of verdigris, or the basic acetate 
of copper, have boon described under the article “ Acetic Acid ” 
(“ Chemistry applied to the Arts.”—^XV.), to which the reSdor 
b referred. The normal acetate, CuCj,H,0,, sometimes called 
orystollbed verdigris, is produced by tidcing some of the 
ordinary verdigrb, or some of the oxide ef copper, and dis¬ 
solving it up in aoetic acid. It can also be made by pro- 
• oipitatiiig a solution of acetate of lead with sulphate of copper. 
The salt b jtobonouB; a oommon oharacterbtic(i.^'un those 
compounds, the best antidote for which is white of egg or 
albumen. 

The sulphaie (CuSO* ■+ 5 water) b more familbrly known as 
blue vitriol, and b very extensively used in making both blue 
and green pigmento, as well os m elootrotyping, and in mo- 
dioine; it possesses highly astringent properties. The water 
pumped up from the bottom of copper mines often consists of 
a solution of this salt, but it b always charged with impurities. 

commercial article is most generally made in one of the 
following manners. Old copper is tisken and heated to redness 
m a reverberatory furnace, ^ter which some sulphur is tlirown 
in and the doors closed, when combination of the two ingredients 
takes plaoe, and the metal is oonvorted into a sulphide. On 
admitting the elr tWa ia ogam changed into a sulphate, along 
with some oxide. 'H&e durge b then thrown while s^l hot 
into wAor oontau)^g aome snlphnrio acid; and it b then 
evaporatod down oe as to eryetallise out tbe sulphate of copper. 
It may alto bs puide by toe roasting and lixivaation of toe 
oonuitoa pyrites," the sulphide of oopper imd iron; but it b 
Ha hle to be contaminated with »littie of the sulptote of toe 
Mtog Thb, however, osa readily be separated by toe 

spifjuation of a small quantity of uit^ acid. A very pure 


salt may also be made by boiling toe oxide wito. dilute 
snlphnrio aoid, and then allowing the liquid to oodl, when the 
sulphate of oopper will'cryst^se out; or by heating metallic 
oopper in presence of strong aoid, and digesting the resulting 
mass with hot water, whfch dissolves out the sulphate of 
oopper, from which crystals of the salt ore thrown down as it 
coob. Tbe former of these methods is commonly adopted in 
manufactories. Strong wooden tanks lined with load are used for 
the purpose, and the boiling is caused by forcing steam in through 
a lead pipe near the bottom of the tank. From thb toe liquor 
b driven off into other leaden vessels to orystalUse ont, which 
occupies from five to six days. After being drained dry from 
the mother liquor, the crystals ore paoked in casks for se^. 

The orsonite of copper, commonly called “ Soheelo’s Green,” 
is prepared by precipitating a copper salt, such as the fore¬ 
going, with arsenite of potassium; or with orsonioua aoid 
itself, neutralised by ammonia. 

The aceio-arsenite of copper is also used as a pigment, under 
the name of “ Sohweinfurt Green.” It produces a splendid 
colour, but it has a bad reputation on account of being a highly 
]>uisouou8 substance, thougb it is not volatilised at any ordinary 
tjmperatnro. It is made by taking 5 jiarts of vordigris or 
the acetate of copper, making this into a paste, and then boiling 
it up in an aqueous solution of arscuioms acid, containing at 
least 4 parts of acid to 50 of water. Tf it should turn a 
yellowish-green during the process, it indicates a deficiency 4:r 
acid, which must bo inenjosed, and the boiling continued for 
a short time longer, until the full colour has boon attained. 

Aznrite, or the blue corbnnalo of copper, which has boon 
already dosoribod when speaking of the different kinds of ores, 
is mado into n pigment, by grinding it into a fine powder. It 
goes by tbb name of “ bine verditcrbut its value in the arts 
is impaired to some extent by its liability to turn green on 
exposam to the iiiflocncu of the atmosphere. It can abo bo 
mado artifioijiilly. The simplest process is that of working up 
a quantity of chalk or carbonate of lime with a solution of 
nitrate of copper, when double dooomposition takes place, 
forming nitrate of calcium and carbonate of copper. The 
latter settles to tbe bottom, and is washed with water several 
times till quite pure. Before the precipitate is dried, from 8 to 
10 per cent, of caustic lime is added, and intimately mixed 
with it, when the comimund acquires a beautiful blue colour, 
and the proonss is complete. 

The more nsnal plan is to grind up a quantity of too snlpbale 
of copper, along with a slight excess of ohlorido of sodium, into 
a fine powder, and tlion work them up into a paste with water. 
Into this small bits of thin sheet-copper, which have just been 
thoroughly purified from any oxide by first dipping them in 
acid and then washing them with pure water, are inserted; 
the.weight of metal employed should be about equal to that 
of the sulphate used in making the paste. The copper is left 
in the paste for about throe months, bnt in order that all ports 
should bo equally acted upon, the whole contents of toe chest 
are turned ont and then back again about once a week. Tbo 
product of this operation is carefully washed with water, and 
then treated with hydrochlorio aoid, in order to convert it into 
a soluble chloride of oopper, from which it is again re-converted 
into the oxide by the agency of oanstio lime. The predpitato 
is subsequently washed and filtered, and then laid ont to dry ia 
the air, but tbe temperature should not be allowed to exoebd 
that of ordinary summer weather. When toorengh^ dry tbo 
product win possess a beautiful blue oolout. 

CHEMISTRY OF THE FINE ARTS.—VII. 

By Professor CmmcK, Boyol Agrioultuial College, Cir^zoestar. 

THE BBSTORATION AND FBBSEBVATIOIT OV MURAL PAINTINAB 
—CHEMISTBY Of TUB KATBBIALB OF SCULFTUBB ANO 
ABOHITBCrrUEE—MOSAICS—MABBLB—BTONB, BBICE, ANH 
TKBBA-OOTTA—WOOD. 

It is often desirable to preserve, tor artistic or arcbieologio^l 
reasons, the remains of 4hose mural paintings wito which, ia 
medieval times, our English chnrohes were so profusely deco¬ 
rated. Bat great diffiodties generally .stand in the way at 
•ooh preservation. Sometimes the plaster below’ toe p^thig 
is in a tooronghly decayed state, onimbhng mi toe toghtwt 
presBore, and in smne coses the weakness is apimreiit in tbs 
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Jftyen of pigment tiiemselTee. Undez the former oonditionR 
the only probom of oonacrTation inrolres the entire removal or 
transferenoe of the pointing to canvas or doth; in the latter 
case, where the plaster is sonnd bat the pigments loose, there 
is no plan which answers more liiotongfaly, and is easier of 
oxeontion, than that of fixing the ommbling paint by moans of 
a spray of some preservative solntion. Before giving details of 
the snacessfnl application of this process, we must recur for a 
brief space to- the process of transference before mentioned. 
When a moral painting has been cleared of the layers of white¬ 
wash which concealed it, and shows a good firm snifaoe, though 
the plaster below is uneven and crumbling, it may, after oarefnl 
dusting, be gradually tiansforred to a piece of cloth, which is to 
be wetted with smooth flonr-paste just as it is gradually applied 
to part after part of the snrfaooof the piotore. Other materials 
of an adhesive nature, such as resin, have boon employed for 
this purpose with rucccbb. When the cloth or canvas is qnita 
dry, it may be loosened, together with its adherent painted 
layer, by the insertion of appropriate instruments (poltiUe 
knives, etc.) between the layer tcf l)e removed and the plaster 
below. The other operations necessary to restore the picture 
are of a simple mechanical nature, involving the preparation of 
a bod of fresii plaster for its reception, and the final removal of 
the cloth on the face of the work by means, of hot water. Tt 
may then be allowed to dry thorongbly, and finally submitted to 
the following treatment, which is equally appropriate in thoso 
iiistanoes where the point on the surface is in a powdery and 
fiagUe condition, though tho wall behind remains sound. All 
dust must be first removed by tho bellows, or by a soft brush 
if the picture will bear it. Then the surface is to be dried, 
by means of g brazier or by burning spirit of wino upon it, but 
slowly and carefnlly, so tliat no flakes of colour curl up and 
separate. While still worm tho surface is to be syringed (by 
means which we have pointed out in our remarks on Stcroo- 
ehromy) with a preservative liquid. A good prc{iaration for 
this purpose is the wax or paratBiio medium described in the 
last lesson. This material requires to bo diluted with a good 
deal of the proper solvent (benzole or turpentine) before it is 
used for syringing. Tho liquid spray as it dries up fixes tho 
loose particles and flakes of paint to each other and the wall, 
and thongh it darkens tho colours a little, enrinhos thorn some¬ 
what at the same time, while it exerts, it must be allowed, an 
unsatisfactory effect upon the whites and high lights of the 
picture. Preparations of parchment size or isinglass may be 
similarly employed in lieu of the paraffine or wax medium, but 
in a damp positian these substances are likelj' to introduce a 
now element of decoy, as they favour tho growth of mildew upon 
tho surface to whioh they have been applied. Nor is it usually 
safe to apply any preparation of tho solnblo silicates to an 
ancient mural painting executed in tempera or fresco, though 
such a proceeding has been once and again recommended. In 
trials made by tho author of these papers it was found that 
water-glass solution produced the most undesirable changes of 
colour and surface in some fragments of mural decorations to 
whioh it was carefully applied. Tlio process which we have 
described and recommended, and in which a spray of a chemi¬ 
cally inert solution of paraffine or wox and resinous substances is 
used, seems to leave very little to desire. In some cases, whore 
the colours and surface of the painting are firm, and good, it may 
ho simply pointed over with a soft broad brush with such solu¬ 
tions as we have named. A simpler liquid preparation may 
even be used, of whioh paraffine and mine^ torpentino ore tho 
sole constituents. 

In now turning our attention to mosaic and tossollatod work,, 
wo would first notice an erroneous idea whioh seems to prevail 
widely on the subject of tho pormanenoo of works executed in 
this manner. In wall and floor mosaics materials of very dif¬ 
ferent degrees of texture and stability wore and are employed 

tesBons—tho little oubos or angular mosses which eonstituto 
the materials at the disposal of tile mosaioist. These edoured 
stthstuioeB ore either natnfkl stones and marbles, or prepara¬ 
tions of burnt clay or terra-ootta, qg true poreolain, or else 
glass and enamel. 'While some of the natural stones and 
>»srblw of tile moat eompaot and insoluble lands ore but little 
.ufaenoed by damp and air, other sorts of an absorbent or 
itaihre' are very Iwble to disintegMtion and decay from 
, *n)«t and adverse atmospherio agendes. The older pottery 
teseene are not usually satisfactory, owiinf to their porous tex¬ 


ture and the comparative ease with which they relapse into 
soft mass not unlike the originsl clay from whioh they were 
made. The more modem teasers are of a much imxiroved 
nature, espeoially those manufaetured from nearly di^ olay 
intensdy compressed before burning. But the teasers of tho 
hard poroelain, containing neither bone-ash on the one hand, 
nor excess of alkali on the other, leave notiilng to desire in 
point of hardnoBs and permanence, while th^ stay be stained - 
throughout their subatunoe or near their surfaces only by those 
metallio oxides whioh are employed in glass and potodain paint¬ 
ing. Of tiie gloss and enamel tessene a less satisfootory report 
must be given. Tho materials of which they are eompoaed 
are generally remarkable for tho quantity of aUcaline and lead 
compounds whioh they contain. The carbon dioxide (oarbonio 
acid) of the atmosphere acts upon these substances, in tho 
course of time producing either a flaking off of tho msteriol 
itsolf, or else an incrustation upon its surface. No better illus¬ 
tration of this fact can bo given tbau that afforded by the 
beautiful ruby glass which was occasionally employed in the 
Ituman tessellated pavements found in tMs oonntry. The 
tesserie made of this glass are covered with a crust of green 
carbonate of copper and white carbonate of lead arising from 
tho action just named, 'llins the colour they now rshow is 
scarcely tiiat which they wore nsod to represent by the original 
artists. In tho well-known and boantif nl pavement at Coriniuni 
(Cirencester), the red poppies in the hair of Flora, and the 
blood dropping from tlio wounds of Acteeon are of a malaobite 
greon. The very iridescence which often renders ancient glass 
so exquisitely beautiful is of itself no doubtful sign of decay. 
Film after film of tbo glassy surface bcoomos minutely streaked 
and pitted by the gradual removal of the alkaline bases of tho 
vitreous material, until at last the whole substance of a vase, 
perhaps a quarter of an inch thick in parts, crumbles under tho 
fingots to a mass of rainbow-tinted films. Enamels are no 
bettor than glass in this roapeot, often containing as thig- do 
still larger proportions of those constituents which aid in tho 
process of decay. The oxide of tin whioh is introduced into 
them to confer opacity, exerts little or no favourable influence 
on their preservation, thongh in itself unalterable. We fear 
that wo shall soon have evidence—in tho fate of some mosaics 
recently oxeented in this country, and plaocd in positions where 
they are exposed to tho weather—of the changes to which tho 
api>arently lasting materials of snub works ore really liable; 
and we must mention another matter in relation to mosaic 
work which hartlly soems to have attracted attention. What 
guarantee have wo of the permanence and continued binding 
power of tho cemont with which each tessera is hold in its 
place? Without entering into details about such cements, 
wLfoh would indeed involve ns in too long a digression, it may 
suffiSo to remark that the pure slaked bnt stiU canatio oreom of 
lime whioh tho Romans used for this purpose generally remains 
perfectly hard and firm after the lapse of 1,600 or 1,700 years. 
And it is reasonable to anticipate that if a bard and insoluble 
cement bo once secured, it would be an admirable plan to 
satnratc^4i«ajhon .dry with a small quantity of pure and unalter¬ 
able white paraffine, whioh might readily bo driven by the aid 
of heat into the surface of the finished mosaic piotine. A 
similar plan has snffieod in the hands of tho author to restore 
to brilliancy, to waterproof, and to preserve from further 
change some fragments of Roman tessellated pavements whioh 
were rapidly falling to pieces. 

The saturation of marble, ospeoiaJly of white sbituaiy marble, 
with purified beeswax is an ancient practice which has been * 
revived in modoni tiroes with some measure of success. But 
tbo bas-roliofs of tho Wellington aroh by Apsley House, which 
wore thus treated under the dirootion of Faraday, and with 
every oaro, such as previous drying and warming, have not been 
able to resist very long the corrosive inflnonoe of a London 
atmosphere charg^ highly with the acid products of the oom- 
bnstiou of ooal. There eon be no doubt that solid paraffine 
similarly used for the saturation of tho marble womd have 
ezeroised a mnoh more lasting, if not a completely permanent 
effect. We have said enou^ in preceding lessons os to the 
selection and solutian of tiio paraffine to ho etoployed for such 
purposes as the present. Here, however, it may be oonvsniont 
to note tiiat it may be applied to stone net only in sokitioi^bnt 
also in the state of fine powder laid on with a little water os a 
Irind of paste, tiwh allowed to dry, and ffiaally driven in by the 
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( aid of Iwat. If it be denied to tint the mazble, this may be 
dona by i»a«ioiialy inooiporating the neoeesaiy pigment irith 
the para&ie employed. This prooess is applicable not only to 
statnaiy marble, bat to stone, wood, and many other materials, 
la the ease of a font of alabaster which was gradually being 
diasolTed away and corroded by the solvent action of the water 
in it, this'fatal notion was arrested by satnratiag the interior of 
the bowl with a fine coat of paraffine by means of heat. For 
decayed stonework and marble in ancient buUdings the paraffine 
process forms perhaps a more complete and safe preservative 
than any of those nomoroas and varied aqueons solntions which 
have from time to time attracted pabHo notice. It is also 
pcKmliarly adapted to the preservation of metallic snrfacoB from 
met and corrosion; and in the case of iron objects of early date 
it has been need with great snooesB by the author for many 
years past to ptdserve them without farther alteration or dis¬ 
ruption. For this purpose it is best to dry and warm the 
objects to be coated; they ore then to be suspended in pure 
mdted paraffine at a temperature of about Centigrade, till 
all bubbles of vapour have ceased to be given off. The objects 
when lifted out and allowed to drain and harden will no longer 
admit of oorrosion, while the scales or fragments of which they 
consist will bo cemented together. 

Ls default of any perfect prooess of waterproofing and harden¬ 
ing briok, terra-cotta, and stone, we may direct attention, 
though in a very brief manner, to that ono method of which the 
writer of these papers has hod most experience, and which 
indeed he gradnally elaborated by experimental trials on publio 
buildings. This process consists in the succesaive application 
of three solntionB to the material to be waterproofed and 
hardened. Solution Xo. 1 is one of pure hydrate of baryta; 
No. 2 oontalns monooalcio phosphate, or soluble phosphate of 
lime; wad No. 3 is a doublo water-glass mixed willi some 
quantity of a dialysed solution of pure silica. Solutions*! and 
2 are applied alternately many times until no more can be ab¬ 
sorbed i then, after a lapse of a day or so, one or two ooats of 
No. 3 are given. The great feature of tl^ process lies ib tho 
entire absence of any soluble salt. No suob compound is formed 
in consequence of the changes which go on between the solutions 
themselves at between tho solutions and tho stone, etc. The 
surface of the stone is rendered smooth and slightly translucent 
in appearance, but is not discoloured, except it bo of dark tint 
oidgiBally. In such a case, and where brick has to be treated, 
some suitable pigment, any of those which may be employed in 
■tereoehromy, should be mixed with tho last ooat of No. 3 solu¬ 
tion just before it is laid on. Not only have brick walls and 
dhimney staoks in the noighbonrhood of tho sea been rendered 
waterproof by this process, but it has boon employed in the 
interior stonework of public buildings for the purpose; on 
the one hand, of preventiiig the soiling of stone by greasol soot, 
and clothes, and, on tho other hand, for preventing the stone 
itself from Wng abraded by friction, and coming off in powder 
upon objects whioh may touch its surface. The drawback of 
the process is the tedious series of applications of three liquids 
which it involves. Neither water-glass, nor h^ylMfiaosilicic 
odd, nor phosphoric add, nor ouy of tho other preparations 
which have been used or suggested for the purposes of pro- 
serving stone, actually fulfil the necessary condition s of snooess, 
as they are either ineffective, or else injure and disfigure the 
autfooes to whioh they are applied. A great desideratum would 
be .supplied if a hardening, preserving, and waterproofing pre¬ 
paration could be obtained, whioh in one operation, or at all 
evotts by its use in tho form of a single fldid only, could bo 
raadily applied to our stone and briok buildings. It must not 
disoolonr them, nor must it be of the nature of a paint. A 
solutiou of this kind is necessary in some places and under 
oettain oandition8,'not only for stone, but also for torra-ootta. 
It ie a mistake to suppose that this substaaoe is joaotioally 
impenetrable even when made of a satisfactory olay, woQ burnt, 
and wilh the kiln-face left untonohod. Saline efflorasoenoeB and 
frost UtKj exert upon as upon all materials not destitute of 
porority, the mpst injurious di^ptivo influonoe. ITnder such cir• 
emustuoea it is of little ooatbag the snrfaoe with a repellant 

a«d wstsrptooflng moteial; the aides and book of eaok block 
anut be sisrilarly treated bnore they are placed in positiou, ‘^t 
tb^utiipoe of &e iujurioH liquids, etc., from behiiid asy he 
sKsetosiUy praiaited. For^sssfVteason the proper treatmeut 
M dapp waiDs is. s^om blt Tqxm. And here anoihur difBoqlty 


presents itself: the sdiea used in the preparation of tiie plaster 
and mortar of snob walk, instead of b^g dean sad freshi bare 
often been used previously as absorbents of various deraying 
matters of animal and vegetable ttfigin, and have become 
ohaiged with tho sitratee and snlphatee whioh ooonr amongst 
the decomposition prodnots of such matters. Where sneh ashes 
have been used in plaster, the task of rendering ibe wall sound 
and free from efflorescence is almoat hopeless. Coating it with 
a water-glass cement after a thorough oleansing with warm> rain¬ 
water has been attended in some cases with fair snocess. 

Though there ie no doubt that in many directions, not ^otioed 
in these papers, ohomistiy bos rendered service to the fine arts, 
or is capable of doing so, yet we trust that the facts and sug¬ 
gestions whioh we have laid before our readers, even if incom¬ 
plete, will yet aid those whp work with the beauties of form 
and oolour. It is certain that science and art will each benefit 
by a legitimate union. 


SHIP-BUILDING.--XI. 

BY W. H. WHITK, 

Fellow of the Boyol School of Navel kichiteoturo, end Uomher of the 
Inetitution of Navel Architects. 

TUJi SKINS OF WOOD AND COMPOSITE SHIPS (cowHnued). 
In the preceding paper the disposition and fastenings of a wood 
skin, formed of one thioknoss of plank, were described at length, 
that being the common plan; wo will now proceed to notice an 
arrangement whore the skin is made up of three thioknesses of 
plank, as shown in Fig. 31. The planks in the two inside thick- 
noasos, B, o, will be seen to bo placed diagonMy and to cross 
each other at right angles, whilst the outside layer. A, is worked 
longitudinally. With a skin so formed there is obviously no 
want of resisting power against strains tending to cause longi¬ 
tudinal sliding or shearing, snob as exists in the skin of an ordi¬ 
nary wood ship. In fact, we have hero a wood skin capable of 
transmitting and resisting strains in all directions, and requiring 
much less stiffening and framing than an ordinary skin. Tho 
system of construction is commonly known as the “ diagonal ” or 
“ bread-and-butter ” system. It has been used in many coses 
where tho chief obje^ has been to combine lightness with 
strength to an exceptional extent. The royal yacht Victoria ami 
AUiert and several of tho light swift vessels of the Boyal Navj 
have boon construoted on this plan, os have also many merohant 
vessels, and it has given groat satisfootion after full trial. 

The framing in vessels built on the diagonal system is much 
lighter than that of ordinary ships. The middle-line arrange¬ 
ments are in some cases very similar to those previously de¬ 
scribed, but there are generally no timbers standing upon tho 
floors, BO that tho spacing of the frames above the floor-bead is 
much greater than in the usual plan. In other coses the frame- 
is still farther lightened, and iron braoea ore used to strengrtben 
tho skin. The work of building is no doubt made more diffionlt 
by adopting the diagonal arrangement, and this fact probably 
accounts for the comparatively limited use made of it. A skin 
so formed also requires great care in its fitting and fastenings. 
When the first layer of diagonal planking has been worked, it 
has to bo secured to the timbers by a few fasteningrs, and lightly 
caulked before the sooond layer oan be brought on; and this in- 
its turn has to be secured to the timbers as well aa to the inner 
layer, and caulked before the longitudinal planking oan be fitted. 
All throe thicknesses are ultimately bound together by through- 
bolts olenobed inside and outside, and are seeured to the timbers 
by metal screws, dumps, or through-bolts. But when properly 
fitted and fastened the united layers form a thoroughly dfioieid 
akin, and with oomparatively little weight give great strength 
of hull. 

Large boats for the Qovernment aervice are commonly built 
upon a plan elightly differing from that illustrated in Fig. 31- 
Their stins are formed of two thiokneaeea of planking, wrought 
diagonally just aa a and o are in the diagram, lleir only 
fra^ng oorwiste of Ughtfloors stretohing oim to the bilge, and' 
yet BO great ia the atrengtii of the akin that they ate found 
capable of boaring rough naage and oairying very heavy weights, 
without any eeneible diange of fonn or other eetioae damage. 
It should be added that ta building thaee boats the plonkiiig is 
wrought upon a light fraawworic of mitoble form, oapoble oi 
being removed with eaoe when the work ia mdBriiuxtfy advanced.* 
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A tew light liret ateameri hare been built with one thiokneas aeonzing the bntta gives greater strength against tensile straina ^ 
of plaaiiing) the stiakes of which were worked longitndinaUy os than that nsnal in wood ships. The bntt-plate. in fact, straps 
on the ordteaiy plan, and connected together by nnmerous edge- or ” fishes ’* the bntt in a far better way tiuui the teame-timber 
bolts. Fcames were ahnost entirely dispen^ with, strong of a wood ship; and the batt-bolts are better uianged in the 
iron riders and strapa being employ^ to strengthen composite skin. But even with this impcored oonneotion it 
skin. This plan is said to have answered fairly in the vessels cannot be expected that a bntted-strake, each as is shown in, 
so built, but it scarcely appears eaiwble of snccessf nl applica- Fig. 32, oan be thoroughly efficient against severe tensile strains, 
tion in sea^going vessels, wUoh are neoessarily snbjeoted to mnoh the ultimate effect of which would undoubtedly be to open the 
more severe strams than those river steamers have to bear. butt by tearing away the short-grained wood left between the 
Considerable importance attaches to the cauttiny of the bolts and the butt. It should be added that in some tew oom- 
skins of wood ships, and a few words respecting it will not poaite vessels butt-plates have not been used, but plain scarfs 
be oitt of place. The (q>eration consists simply in driving employed instead of butts, in order to make a good connection. 
iAreads of oakum, the number of which varies with the thick- Composite ships with one thickness of planldng obviously re> 
ness of the planking, into the spaoes between the edges and quire to be strengthened by diagonal ties on the frames, just as 
butts of adjacent planks. These spaces or “ seams" should be wood ships require diagonal riders. The usual plan is to have 
so formed as to taper gradually toward the inner surfaces of the two sets of diagonal tie-plates riveted upon the outside of the 
planks, where the adjacent edges sbonld tonoh each other ; and | frames, and crossing each other at right angles. The upper 
when tile oakum is driven in ends of these tie-plates an 


the seams should be com¬ 
pactly filled and made water¬ 
tight. The latter object is 
partly attained by “paying” 
over the seams with pitch 
after tiie oakum is in place. 
Pieces of plank are some¬ 
times cat out at different 
parts of the bottom of a ship 
in order to test the efficionoy 
of the caulking. However 
tightly the oaknm may have 
been driven at first, it will 
probably become sla^ after 
a vessel has been a few 
years at work, this slook- 
ness being due in part to 
shrinkage in the planking, 
and in part to the uuavoid- 



connected with a strake of 
plating, named the “ sheor- 
strake,” fitted in wake of 
the npper deck beams, and 
their lower ends are secured 
toa atrakoof pla^g worked 
neat the bilge at the height 
where the floor-platee end. 
By this means the skin is 
much aided in reeisting lon¬ 
gitudinal sliding or shear¬ 
ing, against which the oanlk- 
ing, when tight, is also a 
great help. 

The oomposito system was 
devised in order to comlnne 
greater strength than wood 
ehips possess, with an equal 
freedom from foulness of 


able working of the vessel -- — 

when at sea. One of the _ j~, j ^ ^ 

moat common features in ' "7 J 

the refit of wood ships is jl ‘ V, p 

consequently the re-oanlk- MM// // 

ing of their bottoms, which j Jl hoeizoktai. 

renders them not only j j 

tighter, but also stronger. § ^ i i |«_ ' I 

Turning next to tbe skins ! I oo' 

of composite ships, it will bo Zg i i ’ 1 jl 

proper to take first the most ^21 ! v .i -Hi— 

common arrangement whero i ' I I'fT) 

the planking is in one thick- ' I ? 1 iji 

ness. So far as the gonoial 1 ! 

disposition and the shift of 
butts is oonoemed, there is 
no difference between this 
plan and that illustrated 

by Pig. 27, page 256. Three passing strakea ooonr between 
consecutive butte, and “ steps ” are carefully avoided. Instead 
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■ w .w M n bottom, and for the latter 

* 1 ? < purpose metal sheathing, 

ifJ ^ usually of oopper or Hunts 

metal, is nailed to the plank- 
j|) (A ing np to a few teet above 

u. mVaacTioM. ) water-line.' It has 

r —. „„ already been remarked that 

( the great danger incnxred 

oirrsiDi^ri^. J “ 'hhe setting 

I ifPl nn “I* ^vanio action bo- 

■ ! ' iH — ! ' " " j ' • I —j -7 tween &e metal sheathing 

^1'-' jlj I i y and the iron portions of the 

•O >1} I 1 iji 1 S which action neoes- 

Q I jlj !(0)'i' i S te the more or 

j '' j _ I !i! ^ rapid deterioration of 

L- ly ' I jy the iron. Experience proves 

I f that even with the greatest 

preoantions it is diffionlt to 
avoid metallio connection between the sheathing and the iron por¬ 
tions of the hull, ospeoially when only one thidmess of planking 


plaood upon, the frames, however, the butts are placed is used; and in coses whore loss core is taken the damage to the 
^ween, and usually aeoursd as shown in Fig. 32, a plate iron is often both serious and rapid. For example, it is very 
^ iron, termed a “bntt-plate,” being riveted to the adjacent common to use iron bolts in fastening the planking, th^ surfaces 
WBcs in order to support the butt and rooeive its fasten- being often “galvanised” or coated with sine to protect them frem 
Ugs. This plate is of the same breadth as the planks it helps mat, and their heads letinto the planks and oovsred by plugs, as 
'te oonneot. Eaoh butt-end is secured by two bolts, with shown in Fig. 32; and in snob oases the wasting iff tbe bolts 
hove up, inride the butt-plate, on sorew-threads out for to a very serious extent is not at aU nnusnal after a short 
■hat purpose. The heads of these bolts are formed as shown period of sorvioo. Copper or metal bolts are sometimes nsed 
give good holding power, and are sunk into tbe planking, so instead of iron, and are, on the whole, mnoh to be preferred; 
^t ^y may Im oovered with wood pings. Great care should but they are not froe from dieadvant^, beoanso, as nsnally 
™ driving the bolts and fitting tbe pings in order to fitted, they form a direot metallio oonneotion between the 
nake the bottom tight. The sketoh shows ^se how the sheathing and the iron frames, and may cause damage to 
pluiking is secured to the frame angle-irons, by means of nut- the latter; beridea which they are mnoh more ' em^sive 
ud-sorew bolts rimUar to these at the bntt, Senate being hove than iron. In fact, iffter fidl trial, many diip-bailden have 
^ inside the flange of the angle-inn. 2>onble fastening is formed the opinion that it is neoeesary to employ two titiok- 
in this ease, and it is that snggenMl^ Lloyd’s Committee nesses of planking in the akina of oomporite shipa witii oopper 
rorp uuiks more t^ 10 inches broad; doable and single fasten- or metal sheathing, in order to prevent serious i^vanic action 
^ alternate^ ^nmld be allowed in planks bxm 8i inohea to 10 and to aeonre proper dnrabiliiy. Others have adveoated the 
hnnd, and sii^s fastening te planks under S}- mohes jp disuse of snob sheatiiiug. and the Bubatitution tor it* of sine, 
all c Mes, lHwreTat,doiihla-l»nttteatwrings like those urging that the bottema would thus be kqpA oleaii, while no evil 
82 an required; and it will be dear that ihia methodd iroiild result to tbe iron portions of the hull if gidvanio sotioa 
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Trete act the zino aheathing then WMtug inataed of the iron, 
*aad being easily replaced. Ibe balance of opinion appears at 
preaeni to be in fsTonr of the oontinoed nse of motal aheathing, 
and we will therefore glance at some of the arrangements adopts 
when the akin planking is worked in two thiofcnesses. 

One of the most common plans is illnatrated in h^g. 33; both 
thioknesses being worked longitudinally, and the scums of tlie 
planks in one layer being brought upon the centres of the planks 
in the oilier layer, the two sets thus mutually supplying the 
direot edge oonneotion which is wanting in a wood skin worked 
in one thickness. 

Another arrangement consists in working both layers of 
planking diagoneUy (liko b and c in Fig. 31). Diagonal tie- 
plates are not fitted on the frames when this plan is followed, 
and they are obviously unnecessary, the skin being capable of 
ucting fdone in resisting longitudiu^ shearing strains. 

Still another plan ooasista in working one layer (either the 
inner or outer) diagonally, and the other longitudinally; in 
most oases the outer planks are worked longitudinally. In all 
three plans both thicknesses of planking must be caulked, and 
between the two it is usual to fit felt, waterproof glue, or some 
similar material. The inner thickness is fastened to the frame 
angle-irons by iron nul-and-scrcw bolts; and tlio outer thickness 
is secured to the inner by short copper or metal bolts, eitlier with 
nuts on the inner ends or clenched upon rings on the inside of 
the planking. The fastenings of the outer thickness are placed 
in the frame-spaces, clear of the frames and the fastenings of 
the inner’ thickness, so that the probability of any galvanio 
luttion being set up between the motal sboatbing and the iron 
frames, etc., is much reduced. The cost of building a vessel with 
two thieknessoB of planking is of course greater than that of 
building with one thickness; but there is reason to believe tVint 
the od^tionol outlay is more than repaid by the increase in 
durability and efficiency. 

It is usnal to have the garboard strakos in one thickness, oven 
when the greater portion of the skin is in two thicknesses ; and 
it is by no means onoommon to terminate ihn double thickness 
at a moderate height above the load water-line of the vessel, the 
remainder of the upper works being covered with one tliiokness 
of planking. The latter practice has no such attendant disad- 
vautagos os the use of a single tliickness under water entails, 
and it lessens the cost of construction. In some eases this 
topside planking is replaced by iron plating down to six or eight 
feet from the load line, but this is not a common plan, nor does 
it seem on the whole preferable to the other. 

Some eminent authorities have expressed great doubts as to 
the effioienoy of the skins of composite ships, and the general 
strength of their structure. As oomparod with the skins of iron 
ships, those of composite shipsaro undoubtedly inefficient agajnst 
some classes of strains; but they compare favourably with Aboso 
of wood shii», especially when wrought in two thiaknesses. 
Severe and extmided trials have, moreover, shown that compo¬ 
site ships ore fully capable of resisting the strains brought upon 
them when at sea; and the fact that the far-famed China tea- 
ships whioh race home yearly under on enormous joroad of 
Quvas, oontinue to i>erform their duties satisfaotdffly withont 
duplaying signs of working or weakness, fnmishos a very strong 
Oifpimont in favour of the suffimeney of ihe strength of composite 
ab^. In short, their oontinaed use or their disnae is likely to 
he ^tled rathor by considerations of cost and durability than 
ihoM of structural strength. 

.The ip^rangemenU of the inside planking or ceiling of oorapo- 
1 eite.iwipe ^ ^sntioal in character with those of o^inory iron 
i^pe, enddt will consequently be preferable to defer any remarks 
on ti^^pihjeot to a later paper. 
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esistenoe of ironstone in the Scottish ooalineashree 

*- 1 for many years before the year 1760, S^en, oe we 
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orgillaoeouB, or “ oli^-bandfor the more valuaklo and ootbo- 
nacoous was unknown untU the year 1601, when it was dis¬ 
covered by David Mnehet, a imtive of the little town of Dalkeith, 
six miles from Edinburgh. He was born there in 1772, and 
though but the son of a labouring man, 'yraa descended from on 
old Mstorieal stock, the Mnshets who resided in Kincardine, on 
the estates of the Montrose family. In the time of Charles II., 
all these Mnshets, save two, perished of the plague, and one of 
these, the Bov. George Mnshet, who' aeoompanied the great 
Marquis of Montrose in nearly all his campaigns as chaplain, 
died early in life, and is buried in the ohnrehyord of Kincardine; 
but the name can he traced far book in Scottish history, as they 
are descended from William de Montefizo, who hold the lauds 
of Dchreardore under Bobert I., and others in the thonedom of 
Cluny under David II. 

At the ago of nineteen, David Mnshet, who like most of his 
family hod been brought up as a metal founder, obtained 
employment at the Clyde Iron Works, near Glasgow, as ao- 
couutaiit of the company, which had then hut two blast-fumacos 
at work. Though bo had nothing to do with the mochauical 
operations of the firm, being of a thoughtful and speculative 
turn ot mind, tbo remarkable conversions undergone by iron in 
the various processes of manufacture soon began to ooeupy his 
attention, and he joined in the occasional discussions of that 
subject bold by the more intelligent of the young men employed 
about the works, and Fonreroy's book was frequently referred 
to by them with roforeuce to certain quesfions of difference 
which arose among them in the coarse of their inquiries. 

In 1793, when the establishment of the company was reduced, 
David Mnshet finding that he was almost the only oocupant of 
the offleo, resolved to commence a fewexperimonts, and to acquir>« 
a i)crfect knowledge of assaying as the true key to the method 
of iron-making *■ He first set np his cruciklo upon the bridge 
of the roverlioratory furnace us^ for melting pig-iron,” says 
Mr. Smiles, *' and filled it with a mixture carefully compounded 
according to the formula of the books; but notwithstanding the 
shelter of a brick, placed before it to break the action of the 
fiamo, the crucible gonora}l,y split in two, and not nnfrequontly 
melted and disappeared altogether. To obtain better results, if 
possible, ho next had recourse to the ordinary smith’s fin;, 
uarrying on his experiments in the evening after office hours. 
Ho sot his crucible upon the fire on a pieoo of firo-briok, opjsi- 
aite the nozzle of the bellows, covering the whole with coke, and 
then exciting the ilamo by blowing. This mode of operating 
produced somewhat bettor results; but stUl neither tlio iron 
nor the cinder obtained rosorablod tho pig or scorim of the blaat- 
fnrnace, which it was his ambition to imitate. From the irregu¬ 
larity of tliu results, and the frequent failure of the orooibles, 
ho came to the conclusion that either liis farnaoo or his mode 
of fluxing was in fault, and he looked about him for a more 
convenient mode of pursuing his experiments. A small square 
furnace liad been erected in the works for tho purpose of heating 
the rivets and for the repair of the steam-engine boUers. Tho 
furnace had for its chimney a cast-iron pipe of 6 or 7 iuohes in 
diameter, and 9 feet long. After a few trials with it, he raised 
the heat to snob an extent that the lower end of the pipe was 
melted off, without producing any very satisfactory results on 
the cmoible, and his operations were again brought to a stand- 
8tiH." 

For two years Mnshet oontinuod to make experiments in the 
art of assaying, and during that time he wrought entirely in tho 
method detail^ by past experimentiBts in their books; but 
certain that all his results wore somewhat negative, he oast 
books aside, and resolved to work upon a system of his own, 
the resnlt of whioh, ho was assnred, would similar to those 
produced by the blow-furnaoe. All tiiese repeated attempts had 
to be made in the night, as all the hoars iff the day were folly 
ooonpied by quill-work in the company’s office; hut he eventually 
Buooeeded, a^ he beoame ooknowledged as a well-sldlled assayor 
in iron, and whenever a diffiouliy oocurred in the smelting of 
any new ironstone, *' the manager hjmsolf resorted to the book¬ 
keeper for advice and information ;* and tiie Ailjl and experience 
he had gathered daring Us nighj^ labours enabled him readily 
and satisfactorily to sedve tiie dimouli^, and suggest a soitshi^ 
remedy.” 

He was vof pei^tted tiw eompsny to ^VAkOn asssjr* 
fiiktiaoS of his oacn,4^,whioh he oontihqed to mtkt his exp^' 
itimtjith while hi.iiiu .timh he ihktnieted the son of tho, 
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in the Ktt of MaaTing, derotiii^, at tuaea, entird nighta 
to expeiimenta is assaying, in roasting and cementing iron oiea 
and iron atones, deoaetonating oast iron for steel and bax iron ; 
^rorking ^na till three a.m., and leaving inatmotions with the 
engine-man to call him at half-past fire, so that ho might bo at 
hia desk by rax I 

In the midst of his ardnons career of investigation, aa he 
tolls ns in his “ Papers on Iron and Steel,” published in Lon¬ 
don in 1840, without any oause or motive being assigned, but 
probably through some whim or oaprioo, he was ordered to atop; 
and, by direction of the manager, hia fumacoa were domoliahod, 
with an edict that they were not to be oreoted again! This 
onded all his hopes of research at the Clyde Iron Worka. 
However, be created, wiHi the consent of a friend, an assay 
and oementing fnmaoe, on a piece of ground two miles distant 
from these works, and thither the unwearying Musbet was 
wont to repair in the night, and during the hours allotted by 
others to their meals, for a whole summer; but the labour 
proved too great, and the results too unoertuin to bo continued 
lunger. At the oloao of 1798 ho quitted the Clyde Worka, and 
conatruotod aovcral furnaces, and for two years cuntiuued hia 
inveatigatiena in connection with the alloys of mctala. 

‘'Though operating ui a retired manner, and holding little 
rommnnication with otbera, my views and opiiiiuna,” ho relatca, 
“upon thf\ rationale of iron-making, apreail over the eaiablish- 
meiit. I waa oonaidcrod forward in affoeting to see and explain 
mattera jji a difforcht way from others who wore so muuh my 
seniors, and who wore content to he satisfiod with old methods 

of explanation, or with no explanation at all. 

Prejudices seldom outlive the generation to which they belong, 
when opposed to a mure rational system of explanation. In 
this respect Time, as my Lord Macon says, is the greatest of 
all innovators. In a similar niuunur Time operated in my favour 
in respect to the block band iroustone.” 

In the year 1801, when crossing a stream oallcd the Colder, 
in Old Monkland, in the Middle Ward of Lanarkshire- -a soil 
abunnding in mineral treasures—Mnshet picked up a spooimon 
of this most valuable description of ore, which chanced to 
attract his eye os it lay in the bed of the river. Ho sabjoctod 
it to his crucible, and on being fully satisfied os to its proper¬ 
ties, ho next proceeded to discover its geological position and 
relations, and finding that it belonged to the upper part of the 
enal formation, bo designated it oarboniferous ironstone; and 
he further discovered that rich beils of tlie mineral wore in 


a statist, '* witli a rapidity equalled only by the andden and 
princely gains of those who accompanied Pizano to Pern. It 
is understood that the olear profits of a single establishment in 
this line dnring the year 1840 alone were jB 60,000 ; though loss 
than twenfy years previous the co-partners of this company 
were earning their broad by tlie sweat of their faiow, in follow¬ 
ing the agricultural vocation of their fathers.” 

‘‘Such,” sa/s Musbet himself ‘‘are the consolatory effects 
of timo, and the disooverer of 1801 is no lollger considered the 
intrusive visionary of the laboratory, but the acknowledged 
benefactor of his country at large, and particularly of an exten¬ 
sive class of coal and mine proprietors and iron masters, who 
have - derived, and are still deriving, great wealth from this 
important discovery, and who, in the spirit of grateful acknow¬ 
ledgment, have pronounced it worthy of a crown of g<dd, or a 
monumental record on the spot where the discovery was first 
made.” But be adds elsewhere, with some bitterness of heart, 
“ whilst the exploits of the conqueror and the intrigues of the 
selfish demagogrue are faithfully preserved through a sniHiesBion 
of ages, the persevering and onobtrusiTe efforts of genius, 
developing the best blessings of the Deity to man, are often 
consigned to oblivion! ’* 

David Mnshet, ill addition to many papers intho Philosophical 
Jouniul, contributed largely to other scientific works. He 
wrote the article ” Iron ” for Maovey Napier’s supplomont to 
the Edinburgh edition of the Knryrlopmdia PtUannica, and the 
articles “ Mlaat Furnace ” and “ Blowing Machine ” for Kecs’ 
Oyelopeedia, both of which were frequently quoted iiu Parlia¬ 
ment when, in 1807, it was proposed to levy a tax on iron. 

Mnshet discovered a mode for the prcfiaiutiou of bar-iron by 
! a direct process, combining iron with carbon; he discovered 
' also the beneficial effects of oxide of manganese on iron and 
steel; the uses uf oxide of iron in the puddling-fnmooe in 
various modes of appliance; the application of the hot-blast to 
anthracite coal in iron-smelting, and the production of pig-iron 
i from the blast-furnace suitable for puddling without the inter- 
1 vention of the refinery. 

I In 1800 ho patented his process for combining iron with 
carbon for the production of stool; and afterwards, when he 
! diaoovored the beneficial effects of oxide of manganese on 
' steel, “ Mr. Josiah Heath founded npon it his cclebratiHl patent 
I for making cost steel, which had the effect of raising the annual 
' production of that metal in Sheffield alone from 3,000 to 
I lOO.OOO tons. His application of the hot-blast to anthracite 


most of the western counties of Scotland. Analysis proved it 
ti> contain over 50 per cent, of protoxide of iron; while the 
coaly matter it oontainod was not its least valuable ingredient, 
as by the aid of the hot-blost it may be smelted without any 
addition of coal. 

In the year of his discovery, Mnshet was engaged in orooting 
for himself and hia partners the Colder Iron Works, and great 
P^udioo was excited agamat him by oil the ironmasters at the 
time, for daring to olus “ the wild coals ” of the country, as 
black band vyas oalled, with ironstone fit and proper for the 
blast-fnmace. Yet that disoovory enabled Scotland to take a 
high rank among the iron-working nations of Enropo; and 
scams of the same coal have since then been discovered in North 
, Wales and in Staffordshire. 

From the establishment of the Oonron Works in 1760 till 
1788, the qnwntity of iron produced by Scotland did not exceed 
l|h00 tons per annom; bnt it has steadily risen sinoe then, and 
the total quantity made in the year 1867 amounted to 1,031,000 
tons; but ten years previous, the largest quantity of ore put 
rat in one year was 2,500,000 tons. Now, thanks to the 
woovery of David Miuh^, the west of Scotland, more portion- 
huly the district about Old Monkland, has made an nnpuralleled 
ravanoe in popnlation and prosperity. To this, of oouiae, the 
mttodaotien it the hot-blast and the inoroasing demand for 
fex wUftsf purposes have added. In fhat district whieh 
^ onoe so pastoral and lonely, there is everywhere heard the 
brattling of maohineiy, the sonorous strike of mighty kawmers, 
rad the hissing and omriking of the steam-engine. Dense ohmda 
w ranolie roll over it ineesaantly; a coat. Of blaek dost lies over 
raeiytidag, and the flames of the blast-fornaoes, for over hei^- 
jbff wild and weird effect, bnt ohiefly at night, have vnm 
^th^.diotriot the somewhat appropriate title of “the Ismd 

, “Foctonaa have been xaaliaed there in the iron trade," sagii 


coal, after a process invented by him and adopted by the 
Messrs. Hill, of the Plymouth Iron Works, SonUi Woles, hud 
the effect of producing savings equal to Jt20,000 a year at those 
works; and yet,” says Smiles, “ strange to say, Mr. Mnshet him¬ 
self never received any consideration for his invention.'’ 

Wdile David Mnshet lived ho was a leading authority on all 
mattei^ ooimectod with steel and iron, and he closed a laborious 
and nsofnl life in 1847, at the ago of seventy-five years. 

PRINCIPLES OF DESTCJN.—XXIX. 

BT*ctfhlS'rbPU1BB pBUSaEB, FB.D., T.L.B., ZTC. 

HABDWABE (amtinusd). 

Im ironwork the mamfestation of a trne oonstinotive principle 
is beyond all things dcsimblo. Iron, being n strong materinl, 
should not bo formed into heavy masBes.uideM immense weight 
has to bo sustained or very great strength is required. If we 
form lamps, candelabra, and snob wwks. of iron, it is obvious 
that the portions of metal employed in ti^eir construction may 
be thin, as the material is of great strength, Were we to form 
snoh works of wood, then a greatly uicreosed tbiokness of mate¬ 
rial’ would be nooessory, in order that the same strength be 
Beonnd, os wood is not nearly so strong as iron. 

My remarks will have special reference to wrought iron, as 
oast iron cannot so fully be said to have a constructive efaarao- 
ter. A small railing (iHff. 183), which we engraved in ojr la«t 
article (page 217), is -an admirable il^strotion of a true eon- 
strnotive formation, as the parts are all held together, and 
Btiengthened to a wonderful degree, by the introdnotion of a 
hmeshoe-shaped member. This railing is worthy of the most 
oerefnl stady, for itn strength is great. Besides strength wq 
hrave alao braniy. The horaeshoe form, eapedally whan jntii- 
i ehraidy Applied, is far from being offensive. Utility mast come 
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tmt in mort other reepeote it is highly oommen^ble. It is 
beautifoli well proportioned, end Olostretire of a oorreot treat* 
ment of metal. Besides this, it exemplifiee the manner in which 
atones or jewels may be applied to works in hardware with ad¬ 
vantage. As a farther illnstration of a correct and very bean- 
tifnl treatment of motol we im 

give one segment of the Sere- 
ford Cathedral Screen (Fig. 

141), the work of that most 
intiUigent of metal-workers, 

Ur. Skidmore of Coventry. 

This screen was shown in the 
International Exhibition of ill 

1862, in London, and was II pjg, igg, 

from there removed to its ' 

place in the cathedral. All JBL 

who will do well to view ^|3P* 

this beantifnl work, which is H 

one of the finest examples of P| 

artistio metal - work with Mil 

which we are aoqnainted. 

Kotioo the ease with whieh 
iron may be treated if a cor- 
root mode of working be em- 
ployed. Let a bar of iron bo ^ “ml* ^ 

taken which is abput half an D 

inch thick, by li broad. This D 

can be rolled into a volute D 

(the filigree mode of treat- Q 

ment), or its end can be ham- JBL 

mored cat into stems and ^ P' B p i r 

leaves, and to it can bo at- 
tachod other leaves by rivets, | fl 

screws, or tics, or it can bo ^ ^ 

bent into any stmotoral form. _ E 

To the student 1 sny, study 
the shapes into which simple 

bars of iron can bo beaten, ^ \ 

both mentally, and by observ- 
iug well-formed works. 

Brass, copper, and otbor 

metals may bo assooiated with \ 

iron in the formation of any -^. _.\i 

worka If well managed, brass and other bright metals may 
act SB gems—that is, they may grivo bright spots; but whore 
the bright metals are used with this view, oare must be exer¬ 
cised in order that the bright spots be formed by beautiful parts, 
and that their distribution be just, for that wbiob is biight.will 
attract first attention. 


mk 


Before leaving this part of our aubjeot, 1 must call attention 
to a hinge by Hardman, of Birmingham, wbiob was shown in| 
the IttWnational Exhibition of 1862, aa it is both quaint and 
'beautiful (Fig. 142). The doer to whieh this hinge was applied 
opened twice; the first half opened and folded back on the seoond 

half, and then tiie two halves 
opened os one door, as will be 
seen from our illustration. It 
is very desirable that we have 
a little novels of arrange¬ 
ment in our works. We are 
too apt to repeat ourselvea, 
Fig. 140. benco it is a sort of relief*to 

meet with a new idea. 

It is impossible that I take 
up each article of hardware 
and consider it separately. 
All I can do is to point out 
principles, and leave the 
learner to consider and apply 
them for himself—a principle 
which, once understood, may 
result in the constrrction 
of many excellent works, and 
may lead to the formation of 
a oorreot judgment respect¬ 
ing such objects as may be 
brought forward for oriticism. 
I will, however, just oall at¬ 
tention to gas-bronohas, aa 
they are often wrongly oon- 
struoted. A gas-branoh is a 
duct through which gas is to 
be conveyed. It must be 
strong if it is to be exposed 
j to presanre, or if it runs the 
ohanoe of coming in ooUision 
with the person, aa do stan¬ 
dard lights in public build- 
ingrs. ^e main part of a gas- 
branoh is tho tube or pipe 
which is to convey the gas, 
but this may be supported in 
many ways, as by such bnttreis-like braokats as in the eandela- 
brum shown in Fig. 138; end if there are branch tabes for 
aeveral lights, these may well be oonneoted with tho oentral 
tube, not only by their own attachment, but by faraokets of some 
sort, or with one another by some oonneoting parts. Whether 
tl^e gas-branoh be pendent or standard, this mode of strengthen- 
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mg &8 tabe>vork should bo employed, for the tubes themselves 
{we but sllBhtly hold together, and by pressure being brought 
to bear upon them, a dangerous and expensive escape <£ gas 
mi^ result. 

^ the manufacture of. gaseliers one or two Birmingham 
houses have oertainly distinguished themselves by the prodno* 
tion of works both beautifal and true; and these lend mo to 
think that a better day is dawning for Birmingham, in which its 
art shall be oxaJted rather than degraded, and shall be such as 
will win to it the esteem of the world ratW than call forth tho 
execrations of art-loving people. 

As to tho colouring iron I can say little. In my judgment 
the* best modes of oolouring metals were originated by Mr. 
Skidmore of Coventry, of whom I have before spoken. His 
theory is this, that metals are best coloured by tho tints of 
their oxides. When a metal, espotuolly brass, is soon in a 
furnace in a molten condition, the flames, where tho oxygon of 
the atmosphere is uniting with the vapour of the metal, ijreaent 
tho moat resplendont tints. Tho same thing in a leaser degree 
ooenrs in tho case of iron, but hero tho oolours aro less brilliant, 
and aro more tertiary in rfiaractor. Mr. Skidmore applies to a 
metal the oolonrs seen in the flames of the furnace where it 
melts. Without attempting to limit tho colourist to any theory 
whereby Ms ideas might bo restricted. I must say that Skid¬ 
more’s oolonriug of the metals is very good. 


SEATS OP INDUSTRY.—XXV. 

NEWCASTLE-UPOS-TTNB. 

BT W11.I.IA1C WATr WEBBTEE. 

The imxmrtanco of coal as an agent in modem domestic, 
manafootnring, and commercial economy can hardly bo ex¬ 
aggerated, and no country in tho world has reaped so much 
l)oncflt'from its possussiou and use os Groat Britain. It is to 
the richness of onr ooal-flolds, and to tho industry and skill 
with wMch they have been worked, that we owe in a great 
measure our manufacturing and commercial prominence among 
tho nations. “We are living,” os Bobert Stnphonson once 
said, “in an age when the pent-up rays of that sun which 
shone upon tho groat carboniferous forests of post ages aro 
being liberated to sot in motion our mills and factories, to 
carry us with great rapidity over the earth's surface, and to 
propol onr floots, regardless of wind and tide, with unerring 


regularity over tho ocean.” It is calonlaled that about 
70,000,000 tons of cool are now annually raised in tho United 
Kingdom, and the coal-minos of Durham and Northumberland 
produce about one-third of this total. Newoostle-upon-Tyno is 
the capital of Northnmborland, and the port from which ^o 
eofd excavated in that county, and in the neighbouring oonnty of 
Durham, is exported to other parts of Groat Britain and to 
foreign countries. It is the principal centre of the ooal-trade 
in England, and to a great extent it is indebted for its prosperity 
to tho convenienoe of its sitoatioa as a port of shipment for the 
coal found in the neighbouring districts. ^ ** 

The history of Newcastle stretches back to the time of tho 
Boman oconpation. It was one of tho stations on the wall 
erected by the order of the Emperor Adrian, a.d. 120, to 
defend the Boman provinoes &om tite incursions of the Cale¬ 
donians, and which traversed the islMd ftrom tho Solway Firth 
to'tiie Tyne, terminating at WaUsend, abont three miles to the 
oast of Newcastle. Tho plaoe was named Pons by the 
Somans, from a .bridge bnilt over the river by the same 
emperor, 'Called by his family nam%. !^nnd this bridge 
the first B|Ulejss of Newcastle was formed. Aboi^t ttie year 
208 Im Besnan wall originslly oonstruoted by Adrian was 
rebuilt by Septinuns Sevems, after a repulse he suffered from 
the Caledonians. From the fact that cinders are frequently 
found among ilie zeiiains of Boman stations in Northumber¬ 
land, it wrald- sesm that the nse of coal was not unknown to 
the BomniB, Mthongh the abundance ct timber probably 
reetrlptBd its uae to neighbonrhoods where it was obtained 
at ow^lnar the snrfiaoe.. .After'' the departure of the' Bomana 
islaiid, the Angto-fiasons expelled the ^tone finan 
iiB4:ifttti<|j|ed.;the Ikuagdora pt .SemiehL'. 
. tn of. ¥ba« tlm Saxon kings haN-.ita 


sion of tho Suons ts Chriatianity the deserted Boman oamp 
was ooonpied by a oolimy of monks, from whom it derived the 
name Monccuiter, er Monkchester. At that period it was the 
resort of numerous pilgrims, who oame to the holy well of 
Jesus Mount, now Josmond, about one mile to the north-east. 
Owing to the iiionrsions of the Danes, the monks were oempellod 
to abandon ibo place, and it fell into the possosaion M tho 
Soots. 

No satisfaotoiy evidence that coal was either an artiole of 
commerce or of domestic pso during the Saxon period has been 
discovered. Shortly after tho eonqnest of England by William 
of Normandy, tlio Soots were driven from their settlement on 
tho Tyne by Bobert, tho eldest son of the Conqueror, who in 
1080, during the lifetime of his father, liastily bnilt a oostlu 
there on his rotom from a hostile excursion into Scotland. 
At tiiat time the town received the designation it now bears. 
This castle was rebuilt by Williain Bufos, who also surrounded 
the town with walls, and confori-od peculiar privileges on its 
inhabitants. The benefits conferred on tho town by William 11. 
are cumniemoratod ui tho following rude lines in Hordyuge’s 
“ Chronicle : ”— 

“ He builded tho Now Coetlc upon Tyne, 

The ScottU to gaiustaud: and to defend 
And dwell therein tho people to iucliuo. 

The town to build and wall, us did append, 

U« giivo then) ground, and gold full groat^tn spend. 

To build it well and wall it all about; 

And frunehised them to pay a freo-reut out.” 

Tho present castle, however, which is tho best example of 
Norman military orohitecturo in England, was erected by 
Henry II., between tho years 1172 and 1177. A charter is 
said to have boon granted to tho town by King John, but the 
earliest charter extant is that of Henry Ill., dated 1224, in 
which, “ upon their supplication,” tho inhabitants uro granted 
tho privilege “to dig cools and stones in the common soil 
without tho walls, and to convert them to their own profit, in 
aid of their freo-farm rate of JtlOO per annum.” In the reign 
of Edward I. Newcastle was caiiturod and burned by the Soots, 
it having been used by that monarch, and by his successors 
Edward IT. and Edward III., as a rondexvons for the great 
armies with which they attempted to conquer Scotland. Por¬ 
tions of the walls constructed after this disaster still remain. 
During tho reign of the last-mentioned king, Newcastle suc¬ 
cessfully resisted an attack made on it by tho Scots under 
David Bruce, and in 1299 the walls on tho eastern side wuro 
rebuilt. At this early period Newoastlo was one of the most 
important commercial x>orts in tho kingdom, and was noted as a 
nursery for seamen, and as a resort for merchants and trades¬ 
men of uU classes. 

Tho introduction of sea-coal as household fuel encountered an 
intense and prolonged opposition. It was believed that the 
smoko from coal was injurious to health, and so strong was 
this projndice, that in the reign of the first Edward a man was 
hanged for having burned it witMn the walls of London. In 
aooordanoo with a petition^, presented to Parliament, the king 
issued a proclamation, in 1316, proMbiting its use in tho 
metropolis, and as this did not prove effectual, roeourse was 
bad to severer measures. Fines were imposed on a first eon- 
viotion for burning coal, and tho penalty for a second offence 
involved the destruotion of the fumaoes, etc. B.ut coal would 
seem to have made gradual progress in spite of all that oould 
bo done to suppress its use. In his “ Agrionltare and Prioea 
in England,” Mr. Boger says;—“ The appeaianoe at so distant 
a place as Dover, in 1279, the earliest entry that hae oome 
under my observation, suggests that Hie coasting trdfflo in this 
artiole must have been familiar. It was purchased for the .use 
of the oasile, and must, of course, have been bpined in a fire- 
place with chimney. It may he added ihatakibng the various 
traders given in the taxing-l^ of Colchester, *Bot. Fatl.,’ vol. i-, 
sea-eoal dMlera are mentioned at the Mose of Hie thirteenth 
oentuty.” In 1280 NeweasHe had a tonsiderable trade in opal, 
and soon afterwards it was Mttbduced into London, altho^h 
at first it was burned only by auitha, brewers, aoap-bc^^i 
dyera, etc. Ilie exportation of coal from NeweasHe to feiieign 
oounteies is believed to have oomihenoed about the 
Xn 1848 the port Aupfilia^ On. thb keqfiliMn 
13 lAipa said 814 suuinera fbr thna.iBrff«^ 
finui- 
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YuBonl^ alone exoepted. Eleven years later Uiis monarch 
nanted to the inhabitants of Newoaatle the entire possession of 
the Castle Moor and the Castle Field adjoiuiug, “ for the pox- 
poses of there digging; of coals, stone, and slate.” Towards the 
close of the fourteenth, and during the earlier years of the fif¬ 
teenth centuries, there flourished in Newcastle one of the most 
eminent merchants of his time, Koger Thornton, “ the richest 
merchant that ever was dwelling in Newcastle,” who was three 
times mayor, and throe times member of Parliament, and did 
much to develop the trade and further the interests of the 
town. It prospered and inoreasod steadily all through tho fif- 
teeiitb oentnry, and under tho Tudors in the sixteenth oontury 
the obiof trade of tho town consisted in tho exportation to the 
Continont of ” oanvas, sheepskins, lambsfolts, lead, grindstones, 
cools, and rough-tanned leather.” Tho manufacture of glass 
was first introdueed into England in tho reign of t^uoen Elisa¬ 
beth, by a bedy of immigrants from (lormany, who established 
themselves in the neighbourhood of Newcastle. 

In the reign of Charles 1. Nowcostlo suffered two severe 
afflictions. It was visited by tho plague in 1630, which carried 
off 5,000 of the inhabitants ; and in 1640 it was surprised and 
captuTod by the Scottish army under Genural Leslie. During 
this king’s reign the use of ooal bocamo universal in London. 
Nowcastio espoused the oanso of Charles 1. against tho Com¬ 
monwealth, and was garrisoned by tho Uuyalists during the 
Civil 'War; but at a late period it again full, after a prolonged 
siege, into the hands of the Scoteh, then in alliance with tho 
Parliament. Tho author of *• Chorograpbia; or, a Survey of 
Nowcoatlo-upon-Tyne,” writing in tho time of the Common¬ 
wealth, says:—“ Many thousands are ciigagud in tliis trade of 
cools; many live by woi-king of them in pits, and many live by 
convoying them in wagons and wains to tlio river Tyne." 
Some idea of tho raagniludo of tho Newcastle coal-irado at tho 
beginning of tho eighteenth century may be formed from tho 
report mode by tho Master of tho Neweastio Trinity llonso to 
Parliament, which states that 600 Hhi])B, oocth 'carrying 80 New¬ 
castle ohaldrons of uual, and navigated by a total of 4,.'i00 
men and boys, were required for the supply of other ports with 
that article. 

The progress of the coal-trodo, and with it tho prosperity of 
Newcastle, wore for a long period impeded by the creation of 
monopolies, and the imposition of opprcs.siyo regulations and 
exactions. From a very early period the Coiqioration of Isuidon 
hod undertaken tlio task .of weighing and measuring tho ooal 
bronght to tho metropolis, and had charged oiglitpenco per ton 
for thoir troulile. The power to make this charge was onn- 
firmod to the City by charter in 1613. In the reign of 
Charles 1., two monopolies, still more directly affecting the 
interests of Newcastle, wero granted. Sir Thomas Temple 
and his partners were, in 163?, assigned tho exclusive right of 
selling all the ooal exported from Newcastle for twenty years 
from that date; and in tho following year a company of 
monopolists was empowered to buy all tho coal produce of 
Newoaatle, Sunderland, and Berwick, and to soil it in London 
for any prioe not exceeding tho very high rate of sevonteen 
slangs per chaldron in summer, and nineteen shiUings in 
winter, one shilling per chaldron being the king's share of tho 
profits. Those monopolies, along with hun^eds of others 
equally grievous, were abolished by the Long Parliament. 
Butiee for City improvements and other civil purposes have, 
however, been charged upon coal imported into London from 
time of Charles II. to our own day. These rates wore first 
imposed after the Great Fire of 1666, to assist in tho robuiiding 
of the ohurchea and public odifioes that had been destroyed. 
^ dntise of aU descriptions that had been previously laid 
upon coal brought into London wero commuted in 1836 for a 
n4e of la. Id. per ton, which m 1851 prodnood a gross revenue 
to the City of J§187,091. Eightpenoe per ton of this rate would 
have lapsed in 1802 but for the Act of 1861, which continued 
it in its entirety till 1878, imd fox tho Aots 26 and 87 'Viot., o. 
46, by vriiibh a dni^ to tiie extent of one shilling was farther 
^tinned to 1888, two-thirds being mortgaged for the Thames 
IknhenlaaaBt and one-third for the Holbom Yiaduct; and 
p Viot, e. 17, which again further extended the time of its 
unpoMtion to 1889, a third of the rate being under thia Aot 
uppBed, ho, tile fracing of certain suburban bridges and tolls. 
M idsti ef the importnnoe and growth ai the London eeal- 
e wadatSBiiy be. gaihmd %da tim following: ■tatietioe:—A.t the 


Bestoration it is calculated that about 200,000 chaldrons were 
annually imported into the metropolis, and in 1670 tiie quantity 
amount^ to 270,000 chaldrona At the Bevolntiou 300,000 * 
chaldrons wore brought to London, and in 1750 the quantity 
was about 500,000 chaldrons, and fifty years later 900,000. In 
1866 there was brought into London by sea, rail, oanal, and 
rood, no less than 6,020,182 tons of ooal, yielding in duty 
.£270,000. Tho quantity of coal exported from Newcastle in 
1801 was 452,092 chaldrons sent coastwise, and 50,401 over 
sea ; in 1811, 634,371 sent coastwise, and 18,054 ovor sea; in 
1821, 692,321 sent coastwise, and 48.097 over sea ; and in 
1832 the number of chaldrons shipped amounted to 748,348. 

It must be stated that the Newcastle chaldron, by which the 
above quantities arc estimated, is nearly erinal to two chaldrons 
London moasuro. The aggregate capital employed by tho ooal- 
ownors on tho Tyne at the present lime amounts to abonh 
£4,500,000, exclusivo of the craft on tho river, and tho total 
capital employed in the coal-trado may be moderately estimated 
at from twenty to twenty-five millions sterling. It is calculated 
that upwards of 60,000 persons are directly employed iu the 
coal-fields oonnectoJ with Newcastle. 

Tho export of lead from Newcastle, taken from the mines of 
Northumberland and Durham, is of great antiquity, and iu tho 
earliest rocerds that have been preserved these mines aro 
(iGKcribed as silver mines. Large quantities of lead aro 
annnally brought from tho Alston Moor and 'Wearland mines 
to Newcastle for shipment, and for manufacture into ihoets, 
shot, and red and white lead, and silver is to some extent 
extracted from tho lead ore. Only a small quantity, of iron ore 
was smelted on the Tyno previous to tho discovery of the Cleve¬ 
land ironstone, but since that time thia iudusi.ry has inoreasod 
enormously, and about 60,000 tons of iron and 3,000 tons of 
stool aro now annually produced there. Copper to tho value of 
about ^100,000 is also annually obtained from the copper 
pyrites used at tho gi'oat chemical works on tlm Tyne. 'I’ho 
quantity of euke yearly manufactured amounts to some 2,500,000 
tuns. Tho locomotivo and ongiuooriiig establishments in New¬ 
castle and the viciuity arc among tho largest and tho most 
celebrated in tho kingdom. Sir William Armstrong's ordnance 
works at Elswick, a western suburb, being perhaps tho most 
famons. During the past year the operative engineers of this 
town succeeded, after a long and determined strike, in obtaining 
a reduction of tho hours of iahour to nino honrh per diem—an 
event that is likely to exercise a powerful and beneficial 
iiiflueiico on tlie condition of tho working- classoa generally 
throughout tho country. Iron ship-bnilding is carried on, as 
well us tlio building of wooden and composite vessels, upon an 
extensive scolo on the Tyne, iron vessels reaching an aggregate 
of 51,236 tons having been launched in 1863. The cliomioal 
malhnfactures of Nowcostlo and the neighbesurhood have grown 
to extraordinary dimensions since 1816. It is coloulatod that 
upwards of 100,000 tons of salt are annually decomposed in tho 
district, for tho production of crystals of soda and othor mineral 
alkalis, while bleaching powder, vitriol, copperas, ooal pitch, 
spirits of tar, aquafortis, gluo, vinegar, soap, etc., are manu- 
foc.tureit in> large quontitioa. Tho production of window and 
flint glass has considerably declined during tho last few years, 
but enormous quantities of bottles are still made at Newcastle 
and in its immediate neighbourhood, while impressed glass is 
largely made, and plate-glass to a certain extont. Earthen¬ 
ware also forms an important branch ef industry in the town, 
and glass-staining has been carried to a high degree of per- 
feotiou. 


FARMING AND FARMING ECONOMY.—XIII. 

By Profossor WaioHTSOH, Boysl Agricultural College, Ciranoeater. 
CATTLE. 

INTRODUCTOBT—PLACE IN ANINAL KINCDOM—OBtOIH OP 
EUROPEAN CA'rTLE. 

A COBBEOT and intelligent knowledge of the BriiAh races 
of cattle can scarcely ‘be attained without some insight 
into tho position which they occupy iu tlie animal ^gdom, 
and their reJatione to allied domestic oattle found in other 
parts of the worl^ The study of tho origin and development 
of a race qf. domeatioated animals has many eleme>)ts of|inte- 
zeet, Spcuug fronta wild stock at a remote period of time, they 
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have lost maiqr of thoir natotal iiiBtiaei|f and oharaoten, and 
amaznad a form wlii^ oan only be preaemd under highly arti> 
filial oonditkmi. They have been monlded by art, and adapted 
to the xequiremente of man, until it k difficnilt to reaUee what 
the form and oharaotor of ^ wild progenitor really was. Onr 
oakle on^ exist in the domesticate condition, and althongh 
fatal or escaped cattle abound as wild animals in many porta of 
the world, tme natiTe and perfectly wild cattle do not ooonr. 

It is true that in Chillingham and other parka “ wild cattle ” 
ate presenred, probably the direct descendants of an aboriginal 
forest breed. These hoTe, however, been for many generations 
confined within narrow bounds, and exposed to more or less tm- 
natural and modi^ring conditions. “ The (Chillingham) cattle,” 
writes I)arwin, “in their instincts and habits are truly wild. 
They are white, with the inside of the ears reddish-brown, eyes 
rimmed with black, muszles brown, hoofs black, and horns white, 
tipped with black.” At Chartley, the scat of Earl Ferrers, a 
similar breed exists, and there black calves are occasionally 
dropped. These oatUo represent Bos primigenius, well known os 
a formidable wild animal in Cffisor’s time, now semi-wild, and 
much degenerated in size. We propose to retom to this inte- 
resting subject, but in the meantime it will bo well to glance at 
the gmmral position of the large family of oxen (Bovidm) in the 
animsJ kingdom, and in doing so we shall also detect the links 
connecting sheep with cattle in a distinct relationship. 

The Bovidsa, or Oxen, ore a family of the Knminantia, a remark¬ 
ably well-defined, natural order of the herbivorons Mammalia. 
The general oharaoteristlos of this order may be stated as fol¬ 
lows :—All are exolusively herbivorous, and, with the exception 
of camels and llamas, are destitute of indsor teeth in the upper 
jaw t the toes, two in number, are enveloped in distinct hoofs, and 
many of the species have two supplementary hoofs in addition; 
all chew the cud, and are furnished with thrm or four stomachs. 
With the exception of the camels and musk deer, all ore 
homed. 

The order is divided into families as follows, aooording to the 
nature of the horn. (1.) The Camels and Musk Deer, without 
horns. (2.) The Oervid^ or Deer, with deciduous horns. (3.) 
Tlw Girafn, constituting the family of Camelopardidte, and 
characterised by possessing two frontal horns in both sexes, 
conical and truncated, diort, covered with hairy skin, and per- 
eiatent (Van der Hoeven). (4.) The Antelopes, or Antelopidm, 
the first of theiiollow-homed ruminants (Cavioomia of Van der 
Hoeven), ^stinguished by the persistenoe of their horns, which . 
are oomposod of a hollow or bony core covered with a homy 
sheath. This fomily is further Prided into true Antelopes, 
remarkable for their grace and lightness of form and agility; 
the Bush Antelopes, with shorter limbs and more compact form; 
the Captiform, or g^>at-like antelopes, represented in Europe 
by the Chamois goat; the Boviform, or ox-like anteli^s, 
which present various dagfrees of likeness to oxen. (5.)^Tie 
Bovids, or Oxen, distinguished from all the antelopes by their 
bulky form and great strength. It is also interesting to note 
at ti^ point the position of sheep and goats, the Capridse, 
which are, like oxen, connected with the antelopes by an intor- 
mediate sub-family, the Caprifmrm Antelopes. . • 

The Bovidsa, or Oxen, am thus described by Martin:—“ In 
both sexes the head is umed with horns (wo of course except 
tile polled domestic breeds of cattle), and these horns consist of 
an external layer of oomeons fibres, oompaoted together, and 
sheathing a oanoellons, bony core, oontinned laterally from a. 
bold oooipito-frontal ridge. . . . The progressive increase of 
the homB is marked by sucoossive ridges or rings at the base. 
S . . -.Their form is heavy and massive, ^eir stature generally 
large; the^OimbB am low and strong; the haunohos wide; the 
elKtnldera thick; the head large; the forohead or ohaffron ex¬ 
panded; tiie mussle (rhinarium), with oertain exceptions, broad, 
naked, and moist; the tongue rough, with hard homy papillfs 
direoted baokwards; the neck thiol^ deep, oompressed lately, 
oarried horisontally, and furnished with a pendant dewlap ; the 
spinous pmoeasea of the anterior dorsal vertetos (withm) am 
wary loB^*and stout.” All the ox tribe am gmgarioas in their 
laMts, and, wil^ the exception of Australia, oocur in every 
^noztw ef ito globe. 

nds family has bsea divided as follows into four groups:— 
Csttts and Bufhloes, having ihirtaen pairs.of ribs. Bisona and 
ti» Nptiw fourtsea pain 'af riba. Besides these then ia 
Also fte lud: 0X| or Oribos (Bn moMhotws), an anintti wbiob 


ooustitutes the genus Ovibos of Bkdnville snd Desmar. This 
animal has a ha^ mnzxle, and short tail oonoesled under long 
hair; the horns approach each other at the base and then pro¬ 
ceed ontworde and downwards, the points turning up again 
nearly as in the gnu (Van der Hoeven). 

In MM. Moll and Gayot’s excellent work on oattie the 
points of difference between theee groups is ably duenssed. 
Taking them in the above order, oattie ate diatingalshed by 
homy papillie upon the tongue, ly oironlar rings at the bases 
of the horps, and by the teats bdng arrange in the form of 
a square. This group indudos—(1.) The oommon ox (Bos 
taunts domestieu^ and the variety already mentioned; pork or 
forest oattie (0. syhiestris) found in Britain in a smni-wild 
condition as above; the Zebu, or humped eatUe of India 
(B. Indieas) ; and the white buttooked oattie (Bauf A fosses 
hUmches), (B. hentiger) which ooonpiea Java and Borneo in a 
wild state. (2.) The Qonr (0. gaurus) and the Ghhyal (0. 
gwvoous), both remarkable for the development of the bony 
spinal processes which give rise to the withers. 

The Buffalo (B. hubalus) ia distinguished by a smooth tongue, 
home triangular at the base, and teats sot in the form of a 
trapoxium. The buffalo is indigenous to Asia, and is found 
over a wide area. He has been largely used as an animal of 
draught; is completely block in hair, akin, hoofs, and horns; 
poBseBBGS short, thick limbs, and a massive body; forehead 
arohod; muzzle large; horns directed outwards and Baokwards, 
and finely taming upwards towards the point; hair scattered 
thinly over the body, bat forming tufts on the forehead, knees, 
and fetlocks ; the dewlap is but little developed. He is use¬ 
ful 08 an animal of draught, especially in humid and fenny 
countries, where ordinary oattie would not thrive; as, for in¬ 
stance, in the Pontine Marshes. The flesh is inferior to ox-beef, 
and is sold at a low price in Italy. The milk is excellent. Ho 
is very fond of bathing, a partiality which is often inconvenient, 
as he has been known on sighting a river to rush towards it, 
laden with porishAble goods, and plunge into its midst, there to 
enjoy the delights of the hath, and to deep for hours, totally 
immersed with the exception of his nose. 

The Bonassus, or Bison. This group comprises the European 
bison or anrooh, and the American bison, sometimes called 
bufihlo. The auroch ia the only member of the ox tribe found 
wild in Europe. He is, however, exoeedingly rare, and is only 
found in the forests of Moldavia, and in the governments of 
Grodno and the Caucasus, in the Bassian Empire. 

The bison differs from the anrooh in having fifteen pain of 
ribs. In other respects both the European and American species 
resemble each other. Both are disproportionately larger in the 
anterior than the posterior portions of the boc^, due to the 
great development of the epinal prooesses of the dorsal vtotebne, 
whioh support large mosses of flesh (the bison hnmp) on eitiier 
side. This ungainliness of form is further exaggerated by a 
thick coating of hair on the neck and shonlden, which is com¬ 
posed of two qualities. The first, long, coarse, stiff, and harsh to 
the touch; and underneath this a soft, fine wool, rented finer 
tbn.li that of the merino sheep. The ooloui of the bison is blaokish 
brown, turning in the adnlt male to almost blaok. These 
powerful gnimnlB have, aooording to M. Bafinesqne, been em¬ 
ployed in agrionltural work, espeo^y in Kentucky, sad the same 
authority states that they orosa freely with ordinal oattie, and 
that the hybrids ore fertile among themstivee, and with tiie two 
parent speoiee. 

The yok. has only recently appeared in Europe. He » 
aome respects resembles tiie zebu. The hump, however, ^ 
the zebu oonsists of fat, while the elevation of the withers in 
the yak is due to &e elongation of the vertebral spines pre¬ 
viously mentioned. The yak 1^ a very short neok; horns 
rising vertioaOy from his head; limbs short, light, and termi¬ 
nated by email hoofs. In general outline the ^ more near^ 
approaches the horse tiion the ox, and be is well adapted both 
to draw and oarty wwghts. Ho is oovetod with a long fleece, 
wMoh, like tiiai of the bison, ia divided into two porttoiu i an 
under-growth of exoeedingly firm wool, whkk in Thibet is mixed 
with the soft hair of the Cashmere goat, in ttie ftbrioatio^f 
those valuable tissues for whielh the oonmtry is flsmsd. The 
y^ is invaluable in North China, Thibet, and the slopes of tiie 
Himalaysn Hountains, where he flgum as sa animsl oi 
dxsag^t and of harden, a souNs of aiilk, of fl a sh , sad at aw- 
fl2is AsdUnstlsaUon SesMg; iBbnxhi^ thii nsetoi 
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jato tile Jaidia dee FlenteB, >t Puis, ia the hope that 
be beoome mefal ia inoootainoaa dirtiiote in Enrope. 

Having oonaidered with, we hope, enffioient breviigr the varione 
membm of the Bovidae domostioated.hy man, we mnet now 
devote onreelvee to the etady of common oattle (fi. temrug dameg- 
iieus). Profeeeor Lowe ennmeratee nineteen breeds of British 
o»tUe. Beematest desoribes fifteen French raoee, exclnding snb- 
Ysrietiee and imported breeds, and MM. MoU and Qayot figure 
Mty-five Bnropean varietioa in their “ La Connoiaeance General 
dn Boenf.” The origin of these oloeely allied, yet evidently well 
marked, tribes has been traced by Nillson and Biitimeyer. Fol¬ 
lowing the latter authority, we may mention Bog primigenius, 
the ancestor of some of the larger Continental races, as the 
Friesland and Hungarian cattle, the Pembroke in Britain, and 
which, no doubt, now exists in a degenerate form as the wild or 
semi-wild ox of Chillingham Park. Besides Bos primigenius, 
there are two other oztinot species of the genus, from which 
our European cattle ate supposed to have been descended. The 
first of these, B. longijrons or l/rachyceros, was of small size 
and short-legged. The Highland and some of the Welsh breeds 
ore supposed by Professor Owen to have been descended from 
this species. Bemains of Boe longifrons have been found 
associated with those of the elephant and rhinoceros. The 
last species, B, froniosus, existed in the same late geological 
period, and is believed by Nillson to hare been the progenitor of 
the mountain cattle of Norway. This spooios is distinguished 
by a bony protuboiance on the skull, between the horns. Wo 
see, therefore, that at least three distinct species of ox have 
been domesticated in Europe. The uniform colour of the 
Clullingham cattle has always boon one of their boat marked 
peculioritioa. In general, the colour may bo described as white, 
vrith reddish-brown inside the ears. This uniformity of colour 
is to bo observed in several domesticated foreign breeds, and it 
has been ascertained that cattle which have run wild in the 
Ladrone and Falkland Islands have assiuned a similar light or 
white colour, with block oars and occasionally black heads. 
Numerous instances might bo given to show the tendency of 
escaped cattle to become white, with coloured cans, while in 
other cases a uniform dark brownish-red hue has been 
assumed. This general tendency has been considered to 
indicate the colour of at least one of the original wild proto¬ 
types of our cattle. 


GREAT MANtrPACTURES OF LITTLE 
THINGS.—VIII. 

LOCKS (conlimtei from Page 229). 

BT CHABLES HIBBB. 

great convenience of the warded look for ordinary purposes 
indueed many attempts to provide it with additional features of 
security. We shall not pretend to'notice these in chronological 
order, our object not being to write a history of the lock manu¬ 
facture, but rather to illustrate the growth of correct principles 
in consWetion. Among other meritorious inventions, one was 
patented by a Wolverhampton maker, which effectually pre¬ 
vented the possibility of opening the look with a skeleton key, 
or making a false key by taking an impression of the wards. 
The bitt of the key was mode telescopic, and would only enter 
ibe key-hole when pushed up to its. shortest length, while it 
would only act upon the bolt when drawn out to its longest. 
In the first part of its revolution it passed over a ward which 
g^nally thickened, and so, by widening tlie slot, elongated the 
bitt sufficiently to reach the bolt, after which a fixed piece of 
metal, so plaped tiiat the end of the bitt rubbed against it in its 
dotation, acM upon it like an inclined plane, and pushed it 
back into its former shape. 

But the inherent defects of the system were ineurable. The 
Qost obvious was that the obstades to surreptitions unlocking 
lay aQ in the small compass that was represented by the size of 
the bitt of the key. Hosier ingeniously the position of the 
wards might be vai^, or even thdr functions chided, as in the 
last example, It was not posnble to produce mote than a limited 
Vtanti^ of looks any given siae, the k^s of whioh should 
^tariiJly differ from mih other. The maker vronld soon ex- 
hanst aH tiie vaxiationa oapable of being put into so small a 
and would tiwrefore be compelled to reproduee some, at 
W tiuR% to jua indtfaite octant. 1%is was, of oonxse, more 


especially the case w|th regard totiie oommoner sorts, at whioh 
perhaps tens of thousands might be made with their ward 
arrangements all alike. 'What seanriiy’ oould be felt by tber 
owner of a lock, however complex, if he knew that there mxut 
necessarily be others exactly l^e it in ezistonod somewhere, and 
that any bunch of keys might happen to contain one tiiat would 
unlock it t There was another r^ool defeot in the prinoi]^le, 
inasmuch as the impedimenta all lay in the way of the passage 
of the key, and there was nothing, except the downvrard pressure 
of the back spring, to hinder the passage <d the bolt. Any 
one who could gain aoooss to the end of the bolt oould shoot 
it back with a moderate push. In these two essential parts of 
the principle Inrkod a fatal element of inseenriiy; nor was it 
overcome until the adoption of the tnmbler system, whioh 
marked a new era in look-making. 

In this i^stem, while the exterior shape of the lock and key 
was unaltered, and the action of the bitt npon the talon of t^ 
bolt remained precisely the same, the wonls, the back spring, 
and the notches on the nnder side of the bolt, wore all taken 
away. In place of them two square notohee were out on the 
upper side, and a tumbler, or latoh, furnished with a stud that 
fitted them easily, was hinged at one end immediately over the 
bolt. This latch was of sheet metal, wide enough to hang like 
a ourtain in front of the bolt, oovering about half its stiriaoe, 
the stud being fastened at right angles to its upper edge. 'When 
the bolt was half shot, this stnd was resting npon its top 
surface, 'being pressed thereon by a light spring, but when in 
the locking or unlocking position, the stud fell into one or other 
of the notches. The bolt was therefore held firmly in its place 
until the tumbler could be lifted and the obstmetion cleared. 
This was effected by the bitt of the key being stopped to corre¬ 
spond with the depth of the overhanging tumbler, so that when 
it was turned round to reach the talon of the bolt, it at the 
same time raised the tumbler to a height sufficient to free the 
stud from the notch. This simple application of the principle, 
which wo have described first for the sake of cleamess, would 
not of itself afford much security, it being easy to contrive a 
false key whioh should effect the required movement; but the 
difficulty was greatly enhanced by having two or mdre tnmblers, 
each binged on a common pivot, bnt working with its separate 
stud into a separate pair of notches. The depths were also 
varied, so tiiat the nnder edges of the tumblers, technically 
called their “bellies,” hung at different heightk, and required 
corresponding stops to be cut upon the bitt of the key. So 
far a groat advonoe was made, bnt etill the plan was seriously 
defective. The tumblers might be lifted to any height, and a 
false key need net be mode witli such extreme nicety as just to 
lift the studs out of the ■ notches, and no more, bnt might be 
stepped at a rude guess, and, so that it lifted the tumblers high 
enbugh, would effect its object equally with the true key. To 
medl this, an ingenious arrangement was devised. The studs of 
the tumblers no longer rested on the top of the bolt, but lay in a 
slot out out of its middle part, the notches being out dovrnwarda 
from the slot. Hod sneh been the whole of ihe arrangement, 
the studs oould not have been lifted higher than the upxier wall 
of tho riot. Bqt here a new element was introduced. Cozte- 
sponding notohto were out upwards, opposite to the lower cues, 
BO that if the tnmbler were overlifted, the stnd entered tho 
upper notch, and equally prevented the passage of tho bolt. 
I^e slot in the bolt thus resembled rudely the letter H> the 
upper and lower notches being sufficiently wide to receive the 
several studs .lying side by side. This was a groat improve¬ 
ment. If the workmanship wore moderately aoouratc, no false 
key that was not an exact duplicate of the true one coulO 
possibly open the lock. If its steps were too low,^oy would 
not lift the studs out of the lower notches, while, if they wore 
too high, they would certainly tievate the studs into the npper 
notches, and leave the bolt as fast as ever. 

Although this look was not snsoeptiblo of being picked, as 
the warded look was, by a skeleton key, it was still not 
altogether proof against the nefarious attempts to make a 
false key by means of an impression taken of toe int^ior. The 
beUies of toe tumblers hung, as we bave explained, at irregnlar 
depths, and any means by whiob an ooenrate muasnrement 
oonld bo token of their position would indieato exaotly toe 
number and depth of the strps to be made npon the key- A 
blank key, smoked, would show whiob of tiie timblfire wu first 
tonohed, 'toia at once indicated toe place where toe lowest 
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step «M to be filed amy; and by repet^js^ this process nntil, 
by patient trial and filing, the shape oT the false key became 
tito exaot oonverso of the lover edg^e of the hanging row of 
tomblera, a perfect dnpUoata of the tme key might be made. 
ISuB foandulent expedient, too, might be materially facilitated 
by oatohing a eight of ilie tomblera in position through the 
keyhole, by means of a small mirror, thus enabling the operator 
to get on with his work to a certain extent before ho began to 
take his smoked impressions, whioh wonld bo only needed for 
'^e finishing strokes. It was spoodily felt to bo a desideratum 
that the bellies of the tomblers should lie all upon a piano, so 
as to afford no indication to the piokor as to the height they 
required to be lifted. This was effectually done by the simple 
and beautiful expedient of placing the stud upon the bolt, and 
the slot, or gating, in the tumbler. It was net now the stud 
whioh fell into the notch, but the notuh whioh fell upon the 
stud. The gating—^that being the teohnioal term—bore still 
the rude semblanoe of the letter H> but according as the legs 
of the letter were made longer or shorter, the tumbler fell 
through a greater or a lesser B{>ace. Only when the tumblers, 
or, as they were now sometimes called, ^o levers, wore lifted 
simnltaneously to the position in which the horizontal slots, or 
cross bars of the H, came together and formed one slot, could 
the stnd, whioh projected trough them all, pass from the 
locking to the unlocking jKiaition, or vice versd. At either of 
those positions each of the levers fell through a diffeiont space, 
and of course required to bo lifted aooordingly by stops upon 
the key, although the bellies of the levers, when down, formed 
one unbroken surface. It will be clear that if either of tho 
tumblurs were ovorlifted, as would probably bo the case with a 
false key, the lower notch would catch tho stud with the same 
result as when the gating was in tho bolt. 

We must now proceed to explain the rationale of the im¬ 
mense additional soonrity afford^ by these locks, in respect of 
the almost infinite variety with whioh they can be prodnoed; 
and we cannot do so bettor than in Mr. Chubb’s own words, 
taken from bis admirable essay. He says;—“ The number of 
obanges which may be effected on the keys of a throe-inch 
drawer look is lx2X3x4x5Xfi = 720, the number of 
oombinationa wbiob may be made on the six steps of unequal 
lengths (on a six-tumbler look) without altering the length of 
either step. The height of the shortest stop is, however, 
capable of being reduced 20 times, and each time of being 
reduced the 720 combinations may be repeated ; therefore, 
720 X 20 = 14,400 changes. The same proosss, after reducing 
tho shortest atop as muoh os possible, may be gone tlirongh 
with each of tho other five stops ; therefore, 14,400 X 6 = 
86,400, whioh is the number of changes that can be produced 
on tho so: stojis. If, however, the seventh step, which throws 
tho bolt, be taken into aooount, the reduction of it only ten 
times would grivo 86,400 X 10 = 864,000, as tho aumbol' of 
changes on locks with the keys all of one size (that is, with one 
key of definite size in all save the lengths of the stops). 
Moreover, the drill-pins of tho looks and the pipes of the keys 
may be easily mode of three different sizes; and the number of 
obanges will then bo 864,000 X 3 = 2,592,000 as thff whole 
series of changes whioh may be gone through with this key. 
In smoUer keys, tho stops at which are capable of being re¬ 
duced oi^ 10 times, and the bolt-stop 10 times, the number of 
oombinatious that may be nmde will be 720 Xl0x6x5x3 = 
648,000. On the other hand, in larger keys, the stops of 
whioh oan be reduced 30 times, and the bolt-step 20 times, the 
total number of oombinationa will be 720 x 80 x 6 x 20 x 3 = 
47,776,000^ Another look-maker, Mr. Parsons, showed by 
a ottriomnRable that a lock with 26 levers wopld admit of 
403,291,461,126,665,635,584,000,000 different combinations! 

lite reader will now see that tho plain Chubb key, wbiob 
has so very unpretending on appearance, as compared with one 
of the old-fariiiinied pattern, filled with mazy wards, is in readity 
a mnoh greater emblem of safety. We must infram him that 
means are taken by ill makers of repute to ensure ikat the per- 
amtatingsprineiple skall be oairied out as a reality, and not as a 
■bam. The difference between one look and anoiker is not a 
platter of haphaard. Tba keys are, as a rule, mode first, and 
the tombleis edjnhted to oomspond, that being 'ttte mraed' 
akibh is found in praotioe to woik the beet. The st^ are out 
by a aaoktoe, with whnfii ii oatnwoted a dividing plate, havteg 
aotooM teite oisaamferehee gradattbism depth ^m Itofai^Mt 


to the lowest of the steps that are capable of being out on that 
partiottiar sized key whioh the maohine is oosstrudted to operate 
upon. We have seen that even on a email key, not only may 
the relative poaitlons4f tho steps be changed, but that eaeh of 
them may be reduced in height twenty times; there may there¬ 
fore be a groat number of notches on the periphery of the 
dividing plate, and yet the depths of aU will differ in' some 
slight degree. On surface of the plate, against each notch, 
a number is engraved, and tho operator, working upon an 
infallible aritemetioal system, is thus enabled, by reading off 
those numbers, to adjust the maohine to a succession of oombi- 
nations, none of whioh can be repeated until the whole series is 
exhausted. The notohos, it wiU readily be apprehended, govern 
tho action of the cutting tools, and regulate exactly tho height 
of the steps that are being made upon the key. 

Those locks wore long considered to be impregnable, but wo 
have now to reoount the history of their defeat by tho imvinoiblo 
American. The first stroke at our fancied security was made by 
him at the Crystal Palaqo in 1851, when he declared to a party 
of scientifio mon that none of the locks made in this country 
were proof against a properly directed assault. To prove his 
statement, ho picked one of Chubb’s patent detector locks in 
their presence in a few minutes. Shortly afterwards he made 
a sort of public challenge to the Messrs. Chubb, by notifying 
them that ho would attempt, on tho following day, to pick one 
of their looks which was on tho door of n strong room in tho 
City, and inviting thorn to be present. I’boy ^d not avail 
tbomaelves of the invitation, and the trial came off in tho 
proHonco of eleven gentlemen of unblemished honour and inte¬ 
grity, who certified that Mr. Hobbs fairly picked the look in 
twenty-five minutes, and locked it again in seven minatos with 
the samu instruments. Tho event was much commented upon 
in the public press, and thus began the groat lock controversy, 
whioh we must not follow for want of space. 

Mr. Hobbs’s dictum was as follows: “ Whenever the ports 
of a look which como in contact with tho key arc affected by 
any pruasarc applied to tho bolt, or to that portion of the lock 
by whioh the bolt is withdrawn, in such a manner as to indicate 
the points of resistance to the withdrawal of tho bolt, such a 
look can be picked.’’ This indicates the method whioh has 
boon called tho tontativo or mechanical method, to whioh wn 
have airuady introduced the reader in tho description con¬ 
tained in a former article of the manner of picking the lettor 
lock. Tho principle consists simply in applying pressuro hi 
tho bolt in tho direction tending to unlock it (if it is locked), 
and then feeling the tumblers very gently, one by one, until tho 
one is discovered whioh is being pressed most hardly by the 
stud. It is scarcely within tho power of human skill to make 
tho lock BO nioely as that the stud shall press equally upon 
all, and consequently oue will be found to be fast and the 
others loose. The bound tumbler being lifted up very gently, 
a slight, very slight give of tho bolt will tell when tho nnlooking 
slot has oome into position. One of tho loose tumblers will 
now become tight, and must bo treated in tho same manner, 
and so on, until by turns all have been got into the required 
position, when tho look will oome open. It need scaroely be 
said that this is a most delicate operation with a well-made 
look, and that a suitable instrument has to be used. That with 
which Mr. Hobbs worked was simple and ingenious. The reader 
understands that the only part of the bitt which aets tipou the 
bolt is its final and longest step, the oiBoe of the other steps 
being merely to lift tho tumblers and remove the obstmotions 
to the bolt’s passage. Mr. Hobbs then mode a false key, with 
a single thin projection, corresponding to the thiokness and 
height of the Steal stop only of the true key. Its proper length 
of course the key-hole would give him. With ^s he could 
roach the talon of the bolt, and by turning it ronnd, as in the 
aot of nnlooking, oould get-the stnd to press in the dteeetion he 
wanted. The false key had no bow, or oross-pieoe at the top, 
for tho hand to grasp in order to tnm it, but its plain stem 
was filed to a sqnaie at Idle end, te^ receive the ^ of a lever 
whitfii answered the same purpose, and whioh, being extended 
to a oonuderable length, admitted of'a weight behqr hung npon 
it 'to maintain the pressure at a oanstant degree of tonrion. 
Thus one pact of the objeot (the tightening of the etnd-against 
the levers) wna ftooompUahed. Ter Ibe purpose of f«^g and 
lifting the levete, a eeoond keg, also finniiiihed wi&' a iiarrow 
bitt, ooReapondiiig to a linglo step of tiie tne ]cigv*td'ths 
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citem of vMoh iras a tnbe throughout, was slipped on to the 
stem of the other key before the lerer was affixed 'This second 
][ey was funushed with orose-piooeB whidh served the purpose 
of a bow, and could be turned round e|ttly upon the stem of 
the first. The modus operandi is now otear. The second key 
tras pushed forward until its bitt entered the key-hole, and wilh 
it the levers wore felt and lifted cautiously, and the lock picked. 

The lock of the Messrs. Chubb, which Mr. Hobbs publicly, 
picked with the instrument desbribed above, was fumishcd 
with their patent detector spring, which we have not yet de¬ 
scribed. It was fixed immediately over the levers, near tlie 
hinged ends, and its action was so contrived that if any one of 
the tumblers were overlifted over so little,. so that the stud 
entered the lower slot, the detector spring wonld seize it, and 
hold it there firmly, so that the bolt could not be moved either 
way until the spring was released. The true key would not 
undo the lock while the detector was on, but it would release 
the detector on being turned the reverse way. This was a very 
usefnl contrivance, as showing when the look had been tam¬ 
pered with, and stood terribly in the way of a clumsy manipu¬ 
lator who was trying to pick the lock by the tentative iirocoss. 
Wo may be sure that Mr. Hobbs conducted his o}>crations with 
such delicacy and precision, that he stood in no fear of the 
detector; he would be sure not to ovorlift the tumblers; but 
independently of that, his sagacity soon discovered how the 
detector might really bo made to help him. If tho position of 
the detector could bo ascertained from tho outside, which niiglit 
1)0 done by drilling, and if a piece of metal could be so inserted 
as to hold tho detector down, the tumblers could not bo over- 
lifted, and the picking of the lock became an easy matter. 

Another and more effectual defence against tentative picking 
was the introduction of false notches. The picker, on lifting 
cautiously a tight lover, felt it suddenly bcoomo relieved, and 
concluded that the transverse slot had been entered ; when, in 
truth, the stud hod only fallen into n slight' recess, ent out of 
tho side of tho upright slot. This puzzled tiie picklock 
amazingly, as he never could make sure when ho was right; and 
although tho look was not absolutely impregnable to him, it 
was practically so, owing to tho time it would take to pick it. 

But Mr. Hobbs himself introduced a neat little invention 
which met the danger in a truly sciontifio manner. Instead of 
nuking his stud a fixture, us in other locks—i.c., riveted to tho 
bolt, and moving rigidly along with it—he fixed it ni)on a .small 
'movable platform, which was let into the substance of the 
bolt, and turned upon a central pin. When the lock was .acted 
upon with the true key, the stud passed freely enough from one 
slot &to another, and did not move from its position; bat when 
stress was. brought to bear upon it, as in pressure applied for tho 
purpose of tentative picking, tho stud moved slowly round with 
its platform, which carried with it a dog which hooked into 
another part of the works, and pinned the bolt in its place. 

The highest appUoation of tho tumbler principle is, perhaps, 
to bs found in the porautoptio lock, so called from a Greek 
word signifying concealed from view, patented by Mosers. Hay 
and Newell, of New York, and introduced to this country by 
Mr. Hobbs. It would be impossible to convey any idea of it 
by a merely written description ; we mnst bo content, therefore, 

simply state its capabilities. It has the power of re-adjusting 
itself to any combination that its owner pleases, and to as many 
as he pleases. The bitt of tho key, with its steps, is formed of 
a series of movable pieces, which tho owner can re-orrange, or 
substitute others for, at pleasure. 'When once looked, which 
>a_ay be done with any combination, only the same combination 
^sill unlock it, and thus it may be set to a different combination 
oaoh time. An impression in wax of tho true key would, ihere- 
fore, be of no use to the burglar, as tho true key might alter its 
feotoree from day to day—an advantage which was not pos¬ 
sessed by any other tumbler look. The machinery of the look 
Uooeasarily complicated, and the price high, hut that, where 
ahsdlnte safety was the objeet, was of no oonsequenoe. 

We have nqw brought doyn our survey of look nonstmotiou 
w the point when another new pHncnple comes under our oon- 
mdeietion—that of the Bramah. We have not been governed 
W dates in the order of introdnoing the inventions here de- 
B^bed, but have simply endeavonnkL to place them in sueh 
as would assist them to iUnstoate eabh other, and eonvey 
ww ic^ to the reader. The same method willbe pursuod in 
, * wawiding paper. 


TECHNICAL DRAWHSTG.—LXV. 

DBAWING FOB STONEMASONa 

FOOTINQS OF BBIOX WAUiS. 

The base of a brick wall is teohnioally called the footing,”* 
and it should always exceed the thiokness of the body of the 
wall. The custom is to diminish the base of the wall from ton 
bottom upwards by small steps or offsets of a quarter of a brick 
on each side, thus making b^f a brick in oil saved upon oaoh 
projecting course. Somotimes smaller offsets have been need, 
but none greater should bo employed, excepting iif walls of 
one briok thickness. 

Tho offsets ore sometimes laid out in every successive course, 
which in brickwork docs not exceed throe inches in height for 
each step, until tho proposed diminution is obtained. Some¬ 
times they arc laid out in every second or third course, accord¬ 
ing to eircumBtonocs. 



paragraph of this lesson. j 

Tho offsets at the base of a building are usually oororod with 
earth, by toe filling in of toe original trench excavated for the 
foun^tion; but sometimes there may bo offsets in a higher 
level, in which case there is seldom more than one oxtomally, 
which is usually at a moderate distance from the ground. Tho 
others ore internal. 

The propriety of giving to tho walls of buIldingB a footing 
sueh as has been describedL arises from tho woll-knowJi circum¬ 
stance that too stability of bodies depends in a great me^nro 
upon the magnitude of their base. To odd to tob seourity of 
very extensive walls serving as enoloaures, they are usually built 
not only with footings, but also with buttresses at moderate 

■j 5 

* 8ee IflttiTffnff oa *' Boildieg Couetructios,** Yoh I«, page 172. 
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istorwlpr iqiwrt^ m may be obserrad fan the mile at dookyerda, 
etOi £n eoeaiBoa baildliigat the eerenl weld tern as bnti^ees 
*tO'-wiiie .egeoUter; aid}], footinge are ebaofaitely Beoeeeaiy in bad 
aeflt end tore lo nufol, uud add eo maob to the etabiliiy of the 
■taiatBM, they oaimot witii prepriaby be diapon^ with 
eagler any oirennwteaoea, althoogb fat some oasea their projeo- 
Ifam may be duninfabed. 

Tbe. method of drawing the example girmi in the preoeding 
vpage la ao reiy aimple l£at only Tery few iuatruoiaona will be 
required. ' 

HaTin^ drawn the trench, A B, draw any perpendicnlar, as 
c s, aet off on it the hdghta of the bricksi and dmw horizontal 
lines from these points for the rariona courses of brickwork. 
By this plan all meaatiring and fraying of the paper by altera* 
tions is avoided. It will be seen that the first footings are 
carried np through three conrsea. Therefore, having marked 
the width of the l^e—viz., three bridks—draw 
perpendiculars at each side, e/, thus completing 
the rectangle, which forms, as it were, the first 
block of the footings. 

The fimt and third courses of this block are 
laid alike—^viz., titree bricks placed so* that 
their length passes through the entire thickness 
of the footing; the second course consists of 
two whole briob in the interior, and one half 
brick in each side. Tbme are not, however, ha^f 
brioks, but the ends at whole bricks laid at 
right angles to the other two eourses—that is, 
having &eir length parallel to the snrfaoe of 
the w^l. 

The next footing is to be drawn in the some 
manner, the containing rectangle being kept at 
a quarter of a brick within the lower block, 
thus leaving the present footiug two and a-balf 
brieks. llieBe are laid so that the half (or 
rather the end) brick ie on the one side of 
wi^ in the first course, and on the other in the 
second. 

The wall itself is two hrioks thick, and is laid 
so that the ooursee oonsist altem^ly of two 
whole Iwioks, and one whole and two end bricks. 

The student ie here reminded that it is most 
important that brick walls should be kept per- 
feeCly vartioal, for it will be evident that if a 
wall at the bottom ie in the 
slightest degree " out,” the evil 
(like every other) will go on 
increasing; the top will gia> 
dually extend beyond tbefounda* 
tkm and fall. But this is not 
all; the wan must bo kept 
“piumb,” wbiflih term does not 
neeessarily mean upright, but 
a plane surface. Thus a widl 

3 ay be slanting, ae a bank or 
do of a tower, which tapers 
hewards the top. But in what¬ 
ever position it may be, it must 
be kept plumb, and the plnmb*m1e may not only be used for 
this purpose, but to keep the joints over each other. Hus is 
gMwndly termed “keeping tiie perpends.” Now as this is so 
fauiMtfthiit a point in practice, it ie of course necessary to be 
observed in drawing a wall, and thocefore the joints which fall 
SabOre caA other should be drawn whilst the set-square is placed 
for uy mss of them, for the eune line will be required in con- 
tinuatltm in aaefa of the alternate spaces or oonrees. 

BOimDAXIQKS or. SBHiSIMOS IB ONrATOVKABUI BOZl<— 
PILBO rOUNlTATIONB. * 

It has been before observed that the sml upon which a build¬ 
ing of any fanportuns 'is to bs erected shoadd alwaya be well 
s^winei belon tii* work is oommenoed, which umy be done by 
Slfifkiag it to ueettaitt' if it sounds hollow, and tfatt 1^ bating 
te mwiaas pacts wfah ha es^'borar. Small aufts, ,ont at 
oiHKfat intenmla, Uayilbb mfammr the purpose of dfaftovm^ 
' ip pi. i s 't l w* and d^fih eff SCfUfl s tr a t a when the grenad iqfaot a 
silwh.'iffiBialeMy. ' ' 

is 
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he out deeper until good soil is obtalnad, if it ean be found at 
moderate depth, and thus the footingB luay beboili as fat fate- 
gubir ground—not on one oonrinnsd Ist^ but in et^ or 
temtoes. |h 

When the soil is iV^cf the same quality, but looser in some 
parts than in others, ramming it well in thq loose parts has 
been considered a very useful and, sometimea, a snffident pre- 
.oantion; and ibis m^od of treating the soil is particularly 
recommended by some of the French engineers (ff the greatest 
eminence. 

Even in bnUdings erected «f brioks it bae been common to 
commence the foundation with flat sionee, placing the largest as 
regularly as possiblo, filling in the intervals wi^ smallor ones, 
and ramming them down. 

When the soil is of a middling quality, not absolutely good, 
nor yet altogether unsound and treacherous, a grating or net- 

_work of continued woodwork is often used as 

on expedient for ensuring the stability of an 
edifice. 

Fig. 530.—^In this case, sleepers of about five 
or six mches square are laid transversely, at 
intervals of throe or four feet apiurt, under the 
whole base of the intended wall. Over these ate 
fixed longitudinal planks forming a oentinned 
platform under the whole foundation of the walls 
of the building, as ropresonted in the seotion 
shown in this example. The planks must be 
carefully pinned down upon the sleepers, and 
the intervals between the latter are usually 
filled with bricks or stones—not with earth. 

As eveiy heavy body (.says Sir Charles 
Pasley), “if placed upon soft soil, has a ten¬ 
dency to si^ more or less, which tendency 
is directly in proportion to its weight, but 
inversely as its base, the footing given to the 
walls of brick buildings has in such soil the 
effect of diminishing, or altogether rendering 
null, ih^ said tendency, which might operate in 
a manner nnfavonrable to the stabUity rf the 
edifice, if the walls had no such ing^ease of base, 
but were of uniform thickness throughont, from 
the bottom upwards. In respect to the wooden 
platform which has been described, its use 
is of a temporary nature, as it merely serves 
to prevent the brickwork, if it 
s.nks at all, from sinking un¬ 
equally whilst the mortar !ti yet 
S'lft, or the work green, aa it is 
technically termed. After a cer¬ 
tain number of years, when the 
mortar and bricks shall have 
become completely consolidated 
into one oompaot mass, they 
are no longer Uablo to separate, 
even if the woodwork under¬ 
neath could be removed.” 

It wiU perhaps be scarcely ne¬ 
cessary to remark timt ibe base 
of every brick wall of the same height and thickness, or, in 
other words, of the same weight, should be greater, in direct 
proportion to the softness of the soil on which it is bnQt; also 
that the projecting parts of the footing of a wall should have a 
certain depth to give them solidity, otherwise the greater weight 
upon the central part of the base might fxaoture the bottom of 
the wall, and thereby render the footing nseless; for this reason 
it is dedrable that the g^sets, when there ere eeveral, should 
not fedlow in every snooeeding conzee, but at greater intervals 
apart, as already mentioned. Moreover, it is advisable in erect¬ 
ing a building in middling soil upon a wooden platform, eneb as 
has been deecribed, either to ma^ all tibe walle of oquid thick- 
aeei, and ooneequemtly of equal weight throughout; Or, if that 
axrangament w<mld not be oonvenlmt, to give the thicker wtU 
the greater base in direct prbportibn to its wmght. 

In ^aa esample the wooden platform is to be draws first, ^ 
the work is to be proceeded with- as is the fqnur stuty- 
F«v iHastriutiona of pdatthnne laid on. setwerk of mtnbff the 
stadant id to,pagas 4S sad Sd, Teh of Tbcb- 
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SILK CULTXJR E.—V. 

Ai.sxAni)Gii Wau.ace, St.I>. 

BACE8 OF BII*KWOKMB—THE BOCKBYX TAMA-MAI — 
DISBABBB op the WOKM—ITS CDIiTUBAli T'lEATMENT— 
the gOALITT OP ITS SILK, 

Thus far hare wo briefly sot forth the cnlturo of the mulberry 
rilkworm, touching but soontily on many points which, did 
timo and space allow, might well demand explanation in detail. 
We must omit almost entirely to mention those vast tracts 
in OUT colonies which, most admirably fitted by Nature to 
mulberry silk culture, lie waiting the time for their resources to 
be dereloped; also the special kinds of mulberry-trees, and the 
srKwial raoea of silkworms which may there bo most profitably 


find a homo market for his produce, instead of sending it, as 
at present, to MarseiUos. Omitting these and other points of 
groat interest, in the hope of being permitted at some future 
time to touch u;>on them, we must hurry on to dilate somewhat 
on the other silkworm races mentioned in our first paper, 
generally known as wild rooes, in opposition to the domesticated 
Bombyx inwri, since all these found wild in their natire habitats 
have noTor yet been entirely subjugated by man. 

First and foremost among these, probably in point of beauty, 
but certainly in )>oiiit of value, is the Japanese oak-feeding 
Bomhyx Ywma-Mai, illustrated on page 177. 

What wo know of the past history of this valuable raoe is as 
follows:—For many years the Japanese had cultivated an oak- 
feeding silkworm a,s well as the niulbeiTy worm, and according 



Fig. 6.—CATEKril.I.,AB, MOTH, COCOO'T, AMD CURTSAUS OF BOMHVX CECROPIA. 


introduced; and to supply suitable instructions for colonial 
seriotdture, whore, favoured by climatic salubrity, but devoid 
o' artifioial help, the colonist often with the mdest possible ap¬ 
pliances brings his labour to a sttoccssful termination almost in 
the open air. We must pass over likewise what has been 
already done in Egypt, California, Chili. Turkestai', Australia, 
even in England itself, where much might bo cited in 
furtherance of the views held by practical aoricnlturists 
^wad of repute, viz., M. Guerin Mfencvillo and M. Tanrigna, 
*te-, that England is especially fitted, on account of its cool 
"“®ate, for the production of healthy grain. We must omit 
ukewise at present all refonsnoe to silk-reeling, an industry 
J^hioh, in the opinion of many, might easily bo followed in Eng- 
““d, not merely to the benefit of the women and children em- 
Pj^ed therein, who would thus find another opening for work 
atforted them—no small boon in many agricnltnial towns— 
ut to advantage also of tho weaver and mannfacturor, who 
®|?kt obtain at home the exact quality of sUk required 
sTO their maohiacry, and tho colonist as well, who might thus 

Toi.. in. 


i to some writers the profits arising from this 8x>ecio3 exclusively 
belonged to tho royal family ; according to others, its silken 
produce was employed to make tho rich vestments of tho 
imperial family. In either case this valuable species was si> 
highly esteemed that tho imnishment of death by law in¬ 
flicted on any one who exported tho eggs. This, then. cxi>lains 
tho reason why for so many years this species was unknown to 
onr naturalists and its silk to onr merchants. It was not till 
the beginning of tho year 1861 that, daring the pre.senco of 
the French fleet in the Japanese waters, (he attention of M. 
Duchesne de Ilolleoourt, French Consul-tiencral and (‘har,;d 
d’Affairos nt Japan, hoviug been dironted to tho beauty^pf the 
silken fabrics produced from the cocoons of the Bombyx Tama- 
Ma’i, ho was enabled to obtain some eggs, which were transmitted 
to the Imperial Government of France, and finally entrusted to 
tho hands of tho Imperial Society of Acclimatisation. Now, 
fortunately, there is no diflSoulty in procuring eggs of this 
apeeios in Japan, except that sometimes wooden eggs *o faJri- 
oatod to deceive unwary customers. Tho eggs first sent over 
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to Etwope ■were carefully tendoil in fho mnaoura at the Jardin j 
dea l*lantes at I’ariH. {Jnfortuinitely, nothing was known of 
the habit of tho insoct, not eroii its food-plant; when, thoro- I 
fore, tho first eggs hatched out, about the Iflth of March, ItSGl, I 
the young worms refused all the leaves prosentod to thorn, and ’ 
periehod. But in tho beginning of AprU an oak ((Jwrruii 
cu»pulata) placed under glass having put ont some leaves, those 
■wore eaten by tho young worms, and hope was now entertained 
of roaring them. Ihe lYosident of tho Society of Acolimatisa- 
tion immediately obtained from Toulon and llyhr(», in the 
south of Prance, yonng oak-loaves, with which tho baby worms 
wore fed from the 9th of April till tho time when tho oaks at 
Paris hod sufficient foliage. Those worms, about forty in all, 
grew well up to their fourth moult, hut being in the serpent- 
house, tho high temperature and close atmosphere proved 
injurious to them ; at least it was probably from tluit cause 
that in their fifth stage all tho worms (five only excepted) died 
off in a few days of tho same sickness, a black liquid oosing 
through the pores of tho skin. Tho remaining five made im¬ 
perfect cocoons, bnt no moth hatched ont. Happily a few eggs 
of the same haM had be<m sont to tho learned entomologist, 
H. Gudrin Mdnevillo, that ho might name tho species; of tho 
few worms liatohed out of those eggs one only was bom 
Bufficiently late to obtain oak-leaves. It wan sont to M. Annee, 
at Passy, where it throve under glass near a door which was 
always open. It spun a very handsome cocoon, whence a 
female moth emerged. This attempt, insiiffioiont, unfortunately, 
to propagate tho race, yet sufficed for M. Onmn Menevillo to 
give a name to the new insect, permitted a study of its habitn, 
of its beauty as a larva, of tho sixe, form, and colour of the 
cocoon, of the snpplonons, brilliancy, and elasticity of tho silken 
fibre, and, lastly, of tho physiological and scientific eharacter of 
tho moth. Tho chance of a second experiment under such cir- 
oumstanoes was greatly to bo desired ; therefore, M. Eugene 
Bixnon, the Agricultural Conimissionor of tho French Govom- 
mont in China and .Tai)an, received a special mission to search 
out and send over eggs of tho Tamn-Mai. But tho Japanoso 
law, entailing death on any one detcctiH.! in exporting tho eggs, 
was for some time an insnrmonntable difficulty, and M. Simon j 
was obliged to leavo Japan with his mission nnoxecutod. Bnt 
happily he had mode tho aoqnaintanoe of a naranl devoted to 
tho cause, M. Pompo van Moedervoort, medical officer in tlie 
Duteh navy, and Bireotor of the Imperial School of Medicine at 
Nagasaki, who, seeing the importance of snoli a result, was able 
moirt fortunately to attain it. To M. Pompo van Meedervoort 
Europe owes the possession of this valuablo species, tho Bomhyai ! 
Tama-Mai. Early in January, 18C3, this sauatU returned to 
Holland with a xioroel of eggs. Tho greater port of these were 
sent, according to a promise made to M. Simon, to the hVeneb 
Gkivornment, and the Oovonimont handed the eggs to the Im- 
X>erial Society of Acclimatisation, and the Society to M. Guerin 
M^oville for disfaribution among the racjnbers, etc.; some were 
retained by M. Pompo van Meedervoort for his friends and his 
country^ and the remainder was given to M. Guerin Mi'ncvillo, 
throngh the kindness of a Dr. Blcclcer, for distrilmtign among 
those naturalists and soricultnrists who were not members of 
the Imperial Society of Acclimatisation. Snbjoined is tho 
translation of a notice published by M. Pompe van Meedervoort, 
relative to tho introdnotion of tho Yanm-Ma'i into Europe 
“Li 1862 1 hod tho honour to make the acquaintunco of M. 
Eugene Simon. Ho informed mo of tho great value of the 
Bombye Yama~Mai, and togt>thor wo mode every effort, but in 
vain, to procuro eggs of tlTas species ; wo wore told it was ab¬ 
solutely impossible to obtain them. M. Simon being obliged to 
return, I made him a jrromise before he loft to continue my 
efforts, and, in case of sncee«-j, to offer the eggs to the Froiioh 
Government. But tho more 1 tried, tho more I saw how difficult, 
if not impossible, was tho attempt. 1 applied in Viiiu to tho 
Japanese merchants,'tho silk-growers, to many native natural¬ 
ists with whom I was on friendly lorms, lastly to the govern- 
ment,d>nt all in vain. Tho reply was, • Tho penalty of death 3« 
inflicted on any one who may export these eggs.’ Another idea 
then possessed mo—to apply to one of my pupils. As the 
Principal of tho Imperial School of Medicine at Nagasaki, I was 
Burronnded with students from the different provinces of Japan, 
amongst others from the provinoes of Eohizon and Tigo, or 
. where alone the Yama-Mal silkworms are reared. One 

of those youths, who had on several oooasii^ given me proofs 


of his extraonlinary devotion, was selootod by mo for the pnr- 
pose; to him I explained tho whole affair, end proposed that ke 
should go to Vigo at my expense, in order to eoUeot and send 
mo as many eggs as possible. This bravo young man, whose 
name I have promised solomnly never to divulge, started on the 
morrow, and after an ubsenee of fifteen days secretly sent me 
tho eggs, whioh ho had oolleeted with much diffionlty and dangcr 
to himself. Ho told me that no one suspected the object of his 
journey ; that was in October, 1802. My mission to Japan wa.s 
finished November Ist, 1862. 1 start^ for Europe by the 

English mail p:icket, and uiidortook tho charge of carrying those 
eggs to Europe. 'Ihi.s was by no moans an easy matter on 
board n steam-ship in the tropics. If tho eggs were kept i” tho 
I cabin a great risk of their premature hatching was incurred, 
for the temperature there in the month of November is above 
9.')!'’ F., and in the Bed Sea 10.'!“ and more. I followed the ad¬ 
vice of M. Simon, and placed tho eggs in the ice-box on board 
ship, though often but little ice was therein. To this precaution 
is due in a grout mcasnro their safe arrival in Europe in good 
condition. I arrived at the Hague early in January, 1863, and 
at once sent out the eggs ; tho greater part was sent to tho 
French Government and to i.ho Imperial Society of Accliinii- 
tisation, according to promise 1 had made to my friend M. 
Simon." 

From this beginning tho new species spread over Europe. 
Since 1885 several trials have been madeiiiuEngland to roar tho 
species, hut as yot unanoeossfnlly. The same want ofc good for¬ 
tune has attondml many trials in Frane,o, Holland, and other 
countries; but several gentlemen have attained success oven on 
a largo scale. Thus M. (Juorin Mf'noville. »t the Imperial farm 
at Viucennos, M. Cliavannos, I’rofessoi -Ji Zoology at the 
Academy of Liiusamio, M. PiTsonnat. at Laval, IVance, ha3e 
succeed^ in roaring thousands of cocoons. In 1869 tho liaroii 
do Brotton, in his wotsls in Moravia, raised more than 27.000 
ooooons, and pursues tho. culture with considerable suecess. In 
1871, in Franco and Germany, many thousands of cocoons were 
roared. 

Tlie great drawback to tho cultivation of tho Yarha-Mai silk¬ 
worm in this country is tho prevalence of disoase. I have ha^l 
eggs, both sent from Japan and l.aid in this country, of the 
hoalthiust poBsiblo aspect; the yonng larvm when born seem 
perfectly healthy, and thrive for a time: yet year after year I 
have seen the whole brood swept off in a most mysterious and 
hitherto tmexplainod manner; and ray experience is similai- t'-' 
that of others, both here and on the Continent. Prom my ev- 
porionco I am led to think tho worm is liabJo to three forms <il 
(lisoase. 

First. In early life, in the first or second age, a small per- 
centago of worms arc apt to turn yellow, and be affected with 
diarrhma; they bocomo soft and die. This form of disease ha-! 
been deserihod by French writers on silkworms as the jaundico- 
I bciiove it is duo entirely to want of vitality, as I have noticed 
that tho smaller, later bom, and weakly worms ore chiefly 
affected thereby. 

Second. In mid-ago another malady, caused I believe entirely 
by too high a tomperatnro, attacks the worms. The first indi¬ 
cations are that tho vivid licautifnl green lint becomes dull and 
opaque, tho skin tighlons at tho floxnros of tho segments, * 
whitish tint is now observed in patohee; sometimes, but rarely, 
some minute dusky specks aro visible at the flexures; the 
larvm are flaocid, and oat bnt little. If muscular movement be 
11 )!-.lo, as on tho approach of a visilor, the skin cracks, a psk 
turbid green fluid issues, tho worm si.rinkB, shrivels, and doconi' 
poses rapidly. 

A third form attacks those nearly full grown or about to spin- 
Minute dneky specks aro vi-?iblo on the whole body; th'wr 
rapidly inorease and coalesce into brown blotohoe; the bwntifni 
deep green colour turns into a muddy green-yellow, diarrhiw* 
ensues; the larvto ocase to cat, the olnspers rt^n their graspi 
bnt all muscular power being lost, the body hangs an inert sneb. 
fffil of decomposing fluids, which burst out at the most con¬ 
venient spot. In a few brief hours nothing remains of the fln*^ 
handsome larvm but dry brown skins. 

My own opinion is that shade, moisture, and a cool, eves 
temperature, with very free ventilation, aro neoessary to tbc 
welfare of this creature. In its early life, in May,-a temper^’^ 
of SO® to 65°, or 60®, is desirable, to be inoreoaed dnring 5””® 
to 65® to 75® J bnt I think a higher temperature endangers tnfl 
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anfoty of the worm; and thia I beliove to bo tlio obiof roaaon 
why it has been roared snooosafiilly on tho Continent for several 
Bousons, and then suddenly and entirely failed. 

It is evident that tho third form of disease is conncetod with 
tho sooretion of silk in tho interior of the larv®. Wo And in 
maiiy oases that tho worms pass the spinnin(r-timo and make 
]io effort, others spin a little silk and then die, others when ex¬ 
amined have no silk within them, others spin a weak cocoon and 
then die : either, thorcforc, some necessary clement is defioient, 
or some distnrbing cause prevents the formation of the silk. 
To this point it will bo nooossary for future obsorvors to pay 
especial attention. 

1 will now mention a few points of interest connected with 
this silkworm. First, it differs from the AUonihus silkworm, 
Hutnhyx Cynthia, and resembles tho mulberry worm Bimitiy-i: 
mori, in passing tho winter in tho egg statu, so that tho your 
commences with (die egg state, whereas in Ilombyx Cynthia tho 
perfect insect first makes its appearance in tho early summer, 
after passing tho winter in tho cocoon stage. A curious circum¬ 
stance connected with tho egg ctiite of this insect has been 
observed by M. Guerin Mcneville, that tho young larva is fully 
developed a mouth after deposition of the egg. and that he lies 
during the winter perdu within tho shell, in n dormant con¬ 
dition, until a vernal tomperaturo and moisture awsike him to 
the active duties of life. 

Immediately after birth the young worm, wtiioli is haiid- 
Boniely clothed in a yellow jacket slashed with dark velvet lines, 
is said to expand in volume in eousefiuonce of the air inspired, 
but iirobahly also because the tubercles and spines, which were 
prcvionsly flattened down inside tho egg, are now eroe.t arid 
prominent. Tho stateoient that tho worm seems to grow even 
before it has eaten is quite correct. 

Tho larva undergoes the same number of moults as the mul¬ 
berry worm, but a-ssumes quite a different aspect, being adorned 
with a beautiful vivid green tint, with lilne tubercles and some 
silver spots on eaoh aide. 

It is erntio at first, but soon settles down to its food, 
ospeoially if able to obtain drink; for this peculiar larva, quite 
unlike the mulberry worm, requires a coiKsiderable supply of 
fluid. It is desirable in in-door culture to moisten the leaves 
[rt twice a day. The worms put down their heads to tho drops of 
. water, eagerly imbibe them, and afterwards repose in the atti¬ 
tude so common to nil larva! of l!omh]iri(l<r‘. tho head, fore-legs, 
and fore part of the body tucked in ."ud contracted, but ele¬ 
vated in the air in a curve, tho hind cla.spers firmly attached 
to the twig. 

This larva cannot be edneatod on trays like the mulberry 
worm, but roquiros to rest on the twigs of tho oak-boughs on 
which it feeds. 

One groat olimatie. difference exists between this country and 
Japan, vi*., the rainy season, which, ns wo are told, generally 
cninmonoes about tho 5th of May. I have been informed by 
those who have resided in Japan that about that time it rains 
regularly, without intermission, heavily for several weeks ; this 
coincides with one account given by the Japanese of its culture, 
“■ that during the rain tho boughs keep finite fresh.” It would 
^ therefore seem that at least rainy sesiwons aw* favonroblo to tho 
Yama-Ma'i Inrvm, and this point is the only one which s(!ctns to 
me to throw any doubt on the probable success of tho cultivation 
of tho worm in Europe. Ireland wonld, l.berefore, seem to bo a 
country specially favourable ; for the seme reason tho north¬ 
west coast of Eng'npd and Scotland, as perhaps £.lso the south¬ 
west coast, would be specially favourable; whereas the eastern 
counties are probably the worst. 

The ooeoons of Bombyic Tama-Afm are of a green tint, are spun 
wp in the oak leaves, and weigh 7 to 8 grammes each; whereas 
the ooeoons of Bomhyx mori weigh 2^ to 3 grammes each. Tho 
silken material is in the same proportion, viz., 70 to 80 oenti- 
Eframmes; that 6f tho mulberry 25 to 35 oantigraTimes. 

To estimate tho Tesnltant silk in weight from a given number 
M ooeoons, it is onstomary tb allow 12 lb. of cocoons to make 
11b. of silk, allowing for waste, etc. The Yarna-Mai ceeoon 
Will have a slight advantage in this over ilie mulberry cocoon, 
owing to its greater size and loss waste. It is wound as easily 
M that of the mulberry ooeoons, from end to end in a oontinuons 
when plaoed in boiling water. There are two qualities 
, o' silk, tho exterior layers of tho cocoons being stouter and of 
* greenish-yellow tmt, and the interior of a fine texture and 


I white colour; benoo the winding is divided into two operations, 
so as to preserve tho two qn^ties distinct. Regarding the 
quality of tho silk, M. Gelot pronnunoed the following opinion 
at the International Exhibition of Insocis at Paris, 1865:— 

“The silk of Bombyx Yama-Ma'i seems to me to occupy, after 
that of the mulberry worm, the highest rank. It is, perhaps, 
a trifle less fine, but is quite as brilliant as that silk. 1 believe 
in many cases it might be employed instead of it; and that if 
wo siicooed in acclimatising its prodnetion on a largo scale, it 
might make up for our doficienr;y in the production of mulberry 
silk. The clear green tint which it naturally possesses is no 
obstacle to the varions shades of dye, for it disappears with 
washing and becomes white. Tho rapid development of this 
valuable branch of industry cannot bo too liighly encouraged.” 
Elsewhoro wo road: “ Several bales of Yama-Ma'i silk have 
been purchased at Yokohama, Japan, at S.^O piastres the picul 
(CO kilogrammes). As the piastre is equal to C francs, these raw 
silks fetch at tho place of production 55 francs the kilogramme. 
At tho same time and place wore sold bales of ordinary silk at 
00(1 to 612 piastres per picul, or CO to 01 francs per kilo¬ 
gramme, about 25 r. per Ih.” 

It will bo sufficiently evident, from what has already been 
stated, that tho possession and acclimatisation of a very valu¬ 
able race of silkworms in Europe is at tho present time mi 
fait accompli; and that although up to thia time we have not 
siiuooodod ill England in rearing thi.s worm, yet we have good 
grounds for expectation that as a grealor knowledge of its 
habits and of the precautions necessai'y to a snoec-sful cultiva¬ 
tion are diffused, we shall find many reotly to iako up this new 
culture in Great llritaiu and Ireland. 
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UOHTHOUSES. 

Thk necessity for enabling ships Ui avoid dangers fioi.i roeks. 
and to safely enter harbours daring the night, ma.“t have been 
obvious to the voiy first men who undertook a voyage during 
which laud was lost sight of: wo may, therefore, rcr-'-onablv 
infer that lighthonses or light-giving beacons were coeval with 
navigation. Moreover, it is obvious that the position of thcKO 
beacons must have been well knomi, and would have occupied 
fixed positions. 

Wo have very early and antbeiitin accounts of structurcK 
erected by tbe ancients with the object stated, of most magnifi¬ 
cent designs and dimensions. Indeed, in all the engineering 
works of the ancients wo bcliolil the marvellous combination of 
beauty, strength, and utility, which as regards the first qualifi- 
catiojl is sadly wanting in moilem strueturos. Tho Pharoe 
which stood in tho coutro of the breakwater guarding the 
entrance to tlie port of Ostia may justly claim a few words of 
notice. Its description reads almost like a fable. It consisted 
of tour distinct siorcys, of which the lower three wore decorated 
with orijprs of architecture, tho bottom being Ibo Eerie, the 
second the Ionic, and tho third the Corinthian. The fourth or 
upi>or storey was surmounted by afire, which was always lighted 
at tho approach of night, and which, from tho height of the 
structure, could bo seen at a great ilistanee. Tho building w,a» 
equally convenient as a residence for tho officers and men whr 
had charge of tho port. Imraeiliatoly in fron tof this i'Loro! 
stofid a colossal statue of tho Emjieror Claudius. 

A still grandor, although loss architectural, beacon was erected • 
at Alexandria upon tho islatid of I’haros in the reign of Ptolemy. 
Tliis atrnetnre was built upon a rook at tho eastern extremity of 
tho island. It was 450 feet in height, and it is slated that tho 
fire which was kept burning at night upon its summit eould be 
seen at a distance of 100 miles; thia, however, is doubtful. 
The Pharos was formed of several storeys, decreasing in dimen¬ 
sions towards the top. Tho ground floor was hexagonal j the 
second and third storeys were of the siiimo form; the fourth was 
square, with a round tower at each angle; and the fifth drcnlar, 
which was continued to the top or lantern, to which a windinp 
staircase conducted. This immense structure was built entirely 
of stone. 

Doaeonding to more modem periods, wo may refer with ^me 
degree of pride to the many excellent lighthouses orocted upon 
different points o^ our own coasts at voriona times, oommenciiig 
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about the year 1676. Tbe whole of tho beacons and “ signs 
for the sea," as these structnres were called, situated upon tho 
EngUsh coast, were placed under the entire oontrcl of the corpo¬ 
ration of the Trinity House by Queen Elizabeth ; those in Scot¬ 
land under the Commissioners for Northern Lighthouses, and 
those in Ireland under the superintondonoo of the Ballast 
Board. These three bodies collectively have under their super- 
vision upwards of 200 lighthouses and floating lights. 

One of tho earliest erected by tlio Trinity Board was at 
Lowestoft, on the eastern coast. It is a circular tower of brick, 
40 feet high and 20 feet in diameter. Its i\pper storey was 
originally glazed all round, and tho light was obtained by a coal 
fire. This arrangement, however, was altered by tho Trinity 
House in 1778, and a more modern and offcotivo lantern was 
substituted. 

Tlie character and mode of ootihtrnction of a lighthouse will 
differ essentially acoordiug to the position it lias to occupy. It 
may form an efficient beacon if standing upon a projecting head¬ 
land, and in no way exposed to tho violence of tho sea; in such 
a COSO not more than ordinary procani ions nood ho adopted in 
its constmotion. Very different, however, will bo tho case when 
the lighthouso has to stand npon some bare isolated rock, re¬ 
moved many miles from any shore, and exposed to the fnll fury 
of wind and wave. Then all tho skill of tho engineer has to bo 
brought into ])lay, and every meclianical device bos to bo on- 
Usted to enable tho friendly beacon to retain its hold against 
hngo mountains of water hurled iit it and over it by tho tempest’s 
violence. 

One of the earliest of modem lighthouses, and one of tho moat 
magnificent stmoturofl of tho hind in tho world, is situated at 
Cordouan, upon a rock at the mouth of tho Oaronne, the credit 
of it being duo to Tionis do Foix, a French engineer. It was 
omnmenced in 1584, and oocnpiod twenty-six years in erection. 
The tower is 160 feet high from its foundations. The island rock 
npon which it stands is dry at low water, but entirely covered 
by the tide at high water. Tho base of the structure is a circle 
of 135 feet in dianiotor, and consists of a mass of masonry, solid, 
with the exception of tho approach steps and the fresh-water 
cistern, and is carried to a height of 20 foot, terminating in a 
level platform, npon which the tower stands. This solid base is 
bonndod by sloping sides, reducing the diameter of tho platform 
to 125 feet. It is surrounded by a massive wall for protection 
against the violeneo of tUb surf, 12 feet C inches thick at the 
base and 11 feet at the top, and 12 feet liigh. The tower itself 
is 50 feet in diameter at tho base, and consists of four storeys. 
These are highly decorated externally. Tlio lowest is of the 
Dorio order, the<3econd of tho Ionic, the third of the Corinthian, 
and tho highest or lantern of the Composite. Tlio original 
lantern was destroyed in 1727, and anewoiioof iron substitwtod. 
This was effected by M. Betti, who contrived a sort of iron cage 
or laulorn formt-d of four pillars which supported a cupola, 
finished with a boll and vane. The lantern was open to admit 
of the free escape of the smoke from tho burners. Tho ciroular 
ceiling was formed into a hollow funnel, the top of which was 
bent three feet downtrards, and being covered with pophod tin 
plates, it served as a reflecting snrfaco for throwing the Vays 
of light to a greater distance. This rude form of roflootor bo- 
oame the original for the introduction of a more perfect con- 
'ttivaaco which was introduced by M. Borda about the year 1780. 
His annugeincnt consisted of an argaud lamp which was placed 
in front of a parabolic mirror. Tho mirror was formed of a sheet 
of copper plated with silver and burnished, having a focal 
length of about four inches, and a diameter of 21 inches. The 
form of the perfect parabola causes tho rays thrown npon its 
surface from a point of light placed in its focus to issue in 
parallel lines, so that tlie area of the reflootod beam will not 
exceed thu'area of the mirror, and hence it becomes neoessaty to 
plaae the ramer a short distance out of the focne, whereby the 
rays become diverted and spread over a greater epaoe. As a 
work of art, tho lighthouse at Cordouan ocoupies a foremost 
poaitioni: we shall now have occasion to call attention to some 
other structures of the kind which, as works of engineering skill, 
will compare with any either of ancient or modem date. 

1%ere exists in the English Clutnnel, in the route of thousands 
gf ships pMsing and re-passing every year, a group of rocks of a 
stohe called in Cornwall “ moorstone," being cither gneiss or 
gzafite. Use sep-rly due south of the promontory called the 
Samhead, from which—tho nearest point of land—it is about j 


ten miles distant. This group, called the “ Eddystone,” from 
the set of tho tides and the violence of the eddies and currents 
which exist there, has always proved a source of extreme danger 
to shipping, being nearly submerged at high water; and it is a 
foot that previous to the oreotion of a beacon npon them, many 
wrecks occurred upon the rooks sarroaoding the Channel lelande, 
owing to the fear entertained by sailors of the Eddystone, whioh 
indnoed them to choose a more southerly course to avoid them. 

It is, therefore, not surprising that a very early attempt was 
made to fix a stmeture npon these rooks whioh ahonld be capable 
of resisting the fearful violenoe of the storms whioh, ooming from 
the west and south-west, hurled their full force upon this 
dangerous reef. 

The first attempt to erect a lighthouse hero was made in 1696 
by Winstauloy, who worked under the powers invested in tiie 
Corporation of tho Trinity House by Queen Elizabeth. Win- 
stanley appears to have been an amateur engineer, although 
certaUy a man of considerable genius and capacity, and the fa.ot 
that ho attempted a lodgment at all upon the Eddystone, proves 
him to have been possessed of great conrage and strength of 
purpose. 

Winstanley’s lightbonse ocenpied from three to four years in 
building. Owing to tho exposed position of the rooks, and the 
almost continual surf which breoikH over them, groat difficulty 
and interruption was experionend in fixing the lower portion of 
the work. Tho plan adopted was to boro holes in the rock 
in certain positions, and to fix iron rods therein to form the 
main-stay for the mosoniy which was subsequently built around 
Ibom. The whole of one summer was occupied in boring twelve 
holes, each 3i inches in diameter, in a circle about 13 feet ooross, 
and securely fixing tho iron rods in them. Baring tho second 
summer a solid mass of masonry 14 feet in diameter, and 12 feet 
high from tho upper surface of the sloping lodge of rock, and 17 
feet high from the lower part, was built up around tho twelve iron 
rods. During tho third year the upper works were completed. 
Tho building as it tlien stood was 80 feet from the foundation to 
the vane. It is probable that the upper part of this building, 
which contained several storeys, was constructed of timber. 

Winstanloy ventured to remain in tho oomplotod lightbonse 
witli several workmen for a considerable period during the 
summer of 1698, but a severe storm arose whioh dashed water 
into the bnilding and did considerable mischief. This, however, 
was repaired, and a light exhibited for the first time in November 
of tho same year. During the following year it was doomed 
necessary to strengthen the work; and whilst the diameter of the 
base was increased to 24 feet, the masonry was carried np solid 
to a height of nearly 20 feet. This building—which, from the 
print published by the architect, seems rather to have resembled 
a Chinese pagoda than a lighthouse—^withstood the force of wind 
and weather for four years, and there is a well-known statement 
that Winstanloy was so satisfied with the stability of liis 
strnctnro, that bo expressed a desire to bo in it daring the 
liorcest storm that ever blow. He had his desire, for in Novem¬ 
ber, 1703, a terrific tempest arose whilst ho was at tho rock 
superintending some repairs, and when the morning of the 27th 
of that month broke, nothing remained of the lighthouse or of 
tho unfortunate inmates. The rook had been swept bare. 

Winstanley’s attempt had, however, proved tho possibility of ' 
planting a structure upon tho Eddystone capable of withstanding 
ordinary weather, and it was hoped that, by adopting greater 
precautions, a permanent building might be fixed there. 

John Kudyerd, a London silk mercer, was in 1706 employed 
to re-constmet the lighthouse. The extreme necessity for such 
a building was not long in becoming evident, for very shortly 
after the first structure had been swept away, a splendid ship, 
the Winchdsea, was wreaked npon the dong^erons reef, and 
almost all on board perished. 

Budyerd was not an engineer, at least not by education; this 
profession did not exist as such in his time, but he fomed one 
amongst other bold, self-taught men who have existed in almost 
all ages, and whose genins is onl^ brought to the front when 
some necessity for its development azises. 

The second building was, like the first, erected under tho 
auspices of the Trinity House. Budyerd was, however, not em¬ 
ployed direotly by the Brethren, bnt by a Captain Lovet, who 
under the authority of an Act of Parliament was permits to 
take a lease of the intended Ughtiuraee, with its tolls and per¬ 
quisites, for ninety-nine years. Budyerd seems carefully to have • 
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stadied Us Bnbject before oonunenoing work. He adopted the 
circle as the form for the pkn of his boiiding, and carried up 
the struo^o as a ooue, thus seluctin? the form which oflorod 
the least reaistaace to iho force of the oloments from whatever 
quarter they burst upon it. Smeaton has left ns in his narra¬ 
tive some interostinfr facts connected with Itudyerd’s engineering 
azrangemonts. IVom him we learn the following:—A number 
of holes were bored or “ jumped ” in the rook, the formation of 
the holes being pecnlior. The object of the da.^igner was to cut 
wedge-shaped holes, the widest end of the wedge being down¬ 
wards, and to insert iron bolts into these holes, keying them at 
the bottom so as to spread i^em out after their insertion, whereby 
it became impossible to withdraw thoin. 'This arrangement was, 
in fact, none other than the well-known ongineoring contrivance 
called a “ lewis.” The method adopted was to boro two holes 
2 [ inches in diameter in a sloping direction, that is to say, they 
were 7^ indies apart at the surface of tho rock, and 81 inches at 
the bottom, the depth being about IG inches. A third hole was 
bored between these vertically, and tho rock between them was 
then cut away by suitably-shaped tools. By this means a hole of a 
dovetailed shape was obtained 2 J inches wide, 7^ inches broad at 
top, inches wide at tho bottom, and 1C inches deep. Tho iron 
branehes inserted into these holes were specially forged for their 

positions. Tliey were 4i 
inches broad at the sur- 
faco of tho rock, and 64 
inches broad at the bot¬ 
tom, so that a space was 
left upon one side after 
they wens introduced into 
the hole of 3 inches at 
top and 2 inches at bot¬ 
tom. Fig. S8 will explain 
tho arrangement, and will 
show how secure the irons 
must have been when so 
fixed. To make assuranen 
donbly sure, however, a 
quantity of melted tallow 
wan pouredinto each hole, 
and tho iron and key heated to a blue heat were then inserted, and 
the key driven home; then, whilst the iron remained warm,a quan¬ 
tity of red-hot pewter was poured in, which being heavier than 
the tallow, drove it out. So firm and substantial was the entire 
Hirangement, that when, many years afterwords, the irons were 
cut out, the iron, pewter, and tallow were found uuaifootod by tho 
sea-water, which appeared never to have penetrated tho holes. 

After the irons were fixed, a layer of squared oak timber wan 
laid upon the lowest level of the rock included in the plan, and 
of Boffioient thickness to roach to the next higher level. Over 
this was placed another layer transversely, and over this otliers, 
every alternate layer being laid across the one next below it. 
In this manner a solid mass of oak was piled up, the top of which 
was two courses higher than the highest part of the rock, and tho 
whole mass was seenroly tree-nailod together. In the centre of 
this timber was placed an upright mast securely fixed to tho 
rook by strong irons, and carried up 33 feet, or more than half¬ 
way up the intended height of the building. Altogether there 
were tKtrty-six irons inserted into the rock, and in eaoh of these 
seven holes, soven-eightiis of an inch in diameter, wore bored, 
through each of which a jagged bolt was passed, by which the 
several layers of timber were held together. 

The basement of the tower consisted of two courses of solid 
oak, and upon these were laid five courses of Cornish moor- 
stone, «wh one foot thick, tho stone being held together by iron 
cramps without mortar or cement. The outer courses wore 
further aeoured against tho chance of their being lifted by the 
action of the sea by upright stones. Upon this 120 tons of 
moorstone were laid, and i^en two courses of timber, protected 
at their exposed extremities by horizontal timbers, scarfed 
together and bolted to the interior timbers. Up to this point 
tiie building was entirely solid. Upon this basement a well-hole 
wae oommenoed to be left around the vertical most 6 feet 9 inches 
square to aontain the stairs, and at a point 8 feet above the 
highest part of the rook the step for the doorway was left. The 
building ooneisted of alternate layers of moorstone and timber 
up to the top of the central mast, and then a flooring of 3-inoh 
t 'wlk plank wns laid over the whole. The upper portion of the 



building comprised four rooms, one over tiie other, formed of 
upright timbers based upon and beaded by a circle of timber to* 
which their extremities were secured. Ilie upright timbers were 
very securely connected together by tree-naUs and bolts. The 
floor of tho lantern was formed of 3-inob oak plank, and around 
this was tho balcony. 

Tho dimensions of tho finished structure were as follows:— 
22 feet 8 inches diameter at bottom; 14 feet 3 inches diameter 
at top; the height from thu circular base to tho top 61 feet. 
Tho upright timbers which covered the entire exterior of tho 
building varied in length from 10 to 20 feet, united at their ex¬ 
tremities by scarfing and overlapping, core being taken that no 
two scarfs ac^uined each other. Tho uprights were seventy-one 
in number, made of timber !) inches thick at tho base of tho 
building, and 12 inches bread at the same part,' but gradually 
diminishing towards tho top in breadth and thickness. The 
outside seams between these uprights were caulked with oaknm 
and pitched. The cutiro weight of stono employed in the build¬ 
ing was estimated at 270 tons, and undoubtedly served us 
ballast ill steadying tho building. The doors and tho shutters 
to the windows were composed of double plank crossed, .T.nd shut 
close in a rabbet to prevent tho ingress of water. 

That such a building should have withstood tho tempest for 
fifty-five years is a proof of its strength, and. Indeed, its career 
might have been much longer had it escaped destruction by 
fire, a calamity which happened to it in December, 1755. There 
can be no doubt that one of the chief errors in tho construction 
of Kudyerd’s lighthouse was tho groat quantity of timber em¬ 
ployed in it, and its employment in such vital position as it 
occupied in the building. 

The magnificent structure which was to follow will bo described 
in our next chapter. 


PHOTO CSKA THY .-IX. 

By J. C. I.tAJiE. 

DRV-PJLATE lEOCEtmES: FOTUEBGJLL'b — COEEODIO-BBOAtIDE. 
The coUodio-albumcu process described in our Idst article, 
while it may be considered as one of the most certain and 
reliable, is yet somowhat too complicated to become a faroui'ito 
with those operators who have been used to tlie csimi>!e and 
rapid preparation of tho ordinary w«t oollodion plates. In this 
article wo therefore propose to describe tho processes known 
as FothorgilTs, as well as that which has received the title of 
collodio-bromido; both of which are more easily manipulated, 
and perhaps more sensitive than tho coUodio-albumen, (dthongh 
more delicate ond not quito so certain in their action. The 
Fo^horgill process is one which will be found exceedingly useful 
to Ijie photographer who may be constantly employing the 
ordinary wet collodion process, inasmuch ns any good bremo- 
iodised collodion and tho ordinary nitrato-of-silver bath will 
answer for tho preparation of the plates, thus avoiding both 
tho outlay and the tronblo of keeping two separate sets of 
chemicals. The collodion for this process should not be too 
froshly'iodisod, aSi in practice it has been found that nn old 
sample not only produces better results, but that the film 
adheres more closely to the glass during the various washings 
which the pinto has to undergo. A sample containing a full 
amount of bromide should bo selected, as tending to produce 
greater softness, os well os helping to seoure cleanliness during 
the development. Tho only solution required beyond those 
employed in tho wot collodion prooess will bo one of diluted 
albumen, prepared as follows Puio albumen (from fresh eggs),* 
four ounces; distilled water, four ouncesj strong ammonia, 
twelve minims. Mix and thoroughly beat up, as described for 
the oollodio-olbumen process. This solution must be filtered 
before use. After exciting tiie plate in tho usual manner, wash 
carefully in filtered rain-water, or, better still, in that whioh 
has been distilled, so os to remove the whole of the free nitrate 
of silver. Now immerse the plate in a bath, or flo^ it with 
the following solution:—Nitrate of silver, two grains * distilled 
water, one onnoe. If this solution be ponrad over the plate, 
allow it to remain on some minutes. Tho albumen solution 
should then be poured over the film two or three times, and the 
plate washed very carefully with a moderate quantity of filtered 
rain-water. This final washing is of the utmost importance, 
as upon the proper performance of this much of the succtss of 
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tba operaUon vrili du]H'ud. TIio object ia to leave a aiiffioioat 
I trace of the albumen upon the aurfaoe of the plate, and oon- 
soquently a measured quantity of water is used for this purpose, 
ill order to ensure this result. It is difficult to state the exact 
quantity which should bo employed for this purpose, us it 
seems to vary with the quality of oollodiun and other cir- 
cumstunces ; bnt us an example, it will mostly bo found that 
one pint will be sufficient for a plate of eight inches by six. 
After this washing, the back of the plates should be wiped dry 
with blotting-paper; and they may then be dried in u worm 
and dry box, of course moat cutofully preserved from light or 
dnst. The average exposure will be from twice to three times 
that required for wet plates; and although those plates may be 
kept for some time both before and after exposure, by far the 
best roaulta will be obtainwl by cxjiosing us soon as posBlblo 
ai'ter preparation, and dcveloiiing within a sliort time after 
exposure. Nothing like tho same latitude can bo allowed in 
this as in tho ooliodio-albumeu process, and it could not bo 
considered safe to keep those plates more than a fortnight 
iKiforo and a few days after the exposure to light in the camera. 
The ))]ate after removal from tlic camera should bo flooded with 
distilled water, to which has been added a small proportion of 
alcohol, and when tho lilm has boon thoroughly wotted tho de¬ 
veloper may bo applied. l''or the iiroceas above described, tho 
following will bo a proper developing solution :—Pyrogallio acid, 
two gi aiiis; distillod water, one ouiico ; a few drops of alcohol 
nmy be added if required. In a few minutes the jiicturo will 
begin to appear (it it should be unusually slow iu development, 
a trace of nitrate of silver may bo added to the solutiou), but 
it will be exceedingly thin. When all tho details are developed 
wash ofl tho solution, and proceod to intensify with tho solution 
(lomposod of pyrogallio and citric acids, os rocommondod for tho 
ordinary wet collodion process; to wliich must bo added nitrate- 
af-silvor sedation os roquirod. 

As wo have boforo remarked, the intensity of nogatives by dry 
processes must not be ostimaiod so much by tho actual density as 
by tho colour of tho deposit, and honoo over-dovelopmont must 
be most carefully avoid^. In this, as in the oollodio-albumen 
process, tile hyposulphito-of-soda solution wiU be the proper 
flxing agont. 

A somewhat important modification of this prooess has re- 
cuntly been introduoed with oonsiderablo suooess by Dr. Eyioy. 
In this the plate, after having been sensitised and tliorougbly 
washed os before dosoribod, is coated with the foUowing 
albumen solution:—Albumen, two ounoes ; water, four ounces ; 
ammonia, one draohm. I'his solution to be woU mixed as above 
described, and filtered before use. Allow this to thoroughly 
soak into the film, thoroughly wash tho plain with distillod 
water, and dry. When perfectly dry moisten with distillod 
water, and cover with tho following sointion :—Gallic aoi(^\our 
gruins; distilled water, two ouncos. Filter before use. Allow 
this solution to thoroughly soak into the film, and dry without 
washuig off the gallic acid. Plates thus prepared wDl retain 
tiioii sonsitivonoss for five or six months, and they are parti¬ 
cularly clean and free from stains and markings. It is necessary, 
however, to be particularly oaxofnl to remove the whdSo of tho 
nitirato of silver after tho sensitising prooess. Tho develop- 
mout may ho conducted precisoly as in tho ordinary Fothcrgill 
process boforo mentioned. 

Too next process of which wo shall have to treat is one 
which will tax tho caro and manipulative skill of. tho operator 
to a considorablo extent, and whiob should theroforo not bo 
attomptod until he has acquired considerable experience iu 
* other and less delicate and complicated work. The process to 
which wo refer is tormed by its inventors, Messrs. Sayce and 
Bolton, the oollodio-bromido; and one of its chief pecnliaritios 
is that it dispenses with tho nitrato-of-sllvor bath common to 
all other mothods of [ireparing a sensitive surface by means of 
a collodion film, tlio collodion in this oaso itself oontuiuing 
the senHitive salt. Tho collodion suitable for this process is 
composed as followsFyroxylino (gun-cotton), six grains; 
ether ai^ alcohol, of ewdi, half an ounce; bromide of oadntium, 
six grains; bromide o( ammonium, two grains. Dissolve the 
■alts iu the aloohol, mix with the other, end add the pyroxyliue, 
matil dissolved. Tliis oollodion may be mixed in any qnantity, 
os it wBl keep an indefinite time, but it should be allowed to 
stsn^ Sftsleast a week before use. In order to render tins 
coUodkUi siensitiTe, nitiate of silver must be added to it ia the 


projiortion of from eleven to thirteen grains to the ounce of 
fluid; tho smaller quantity being the safest, and the larger 
producing the most sensitive film. The nitrate of silvor must 
bo ground to the utmost degree of fineness in a gloss mortar, 
and be added by degroos to the collodiou in tho proportions 
above given, with oonstant agitation, in order to ensuro perfect 
combination. (Iff course this mixing must be effected in non- 
actinic light, as tho compound is ozooodiugly sensitive to light; 
in fact, it must bo treated precisely as a sousitisod wet collodion 
film in this respect, the smallost ray of light being sufficient to 
spoil it. After resting a fow hours the sensitive mixture will 
bo ready for use. Tho plate may. now be coated exactly as in 
tho wot collodion process ; although it may bo at times advisable 
to coat tho odgos of tho glass for about a quarter of an inch 
over their surface with a solution of india-rubber in benzole, in 
order to provotit tlio slipxiing of the film. When coated allow 
the collodion to become thoroughly set (much mere so than in 
tlic ordinary wet )irocess, when a bath is employed), and wash 
iu a dish of water until the greosiuess ujiou the surface dis- 
apjiears, and tho water flows freely over the film. Tho plate 
will now bo ready for the final immersion iu a solution xireparod 
as follows :—Dis.solve iu four ouncos of hot water twelve grains 
of gallic acid, forty groins of tiuuiin, and twenty grains of 
grape-sugar; and when cold ouo drachm of alcohol. This 
solution may bo used almost indefinitely. Into tliis solntiou 
imnierso tho coated plate, and allow it to tomain throe or four 
minutes; upon removal drain thoroughly, and dry as in tho 
ordinary process, when it will bo ready tor exposure in tho 
camera. Tho time usually reoommended for uxxiosuro is three 
times that required for a wet plate, but the writor bus found 
that plates proxiared with a full quantity of silvor will not, 
undor favourable eonditions, roquiru more thau twice tho ex¬ 
posure necessary for ordinary collodion work ; uad it sitould 
bo remembored that Ibc x>owerful dovoloping agent proper for 
use with thoBO plates will often enable tho oi>erator to bring 
out on inmgo even when the exposure lias been slightly short- 
onod. ITie proper dovoloping agent for eoUodiu-bromido plates 
is 0 DO of oumxiaratively recent introduction, and ia known as 
tho alkaline pyro-devolopcr. 

In the preparation of this duveloxier it ia advisable to make 
up stuck solutions in three soiiarato bottles, as follow -No. 1 
should consist of pyrogallio acid, one and a-half drachms; 
absolute aloohol, ouo ounce. No. 2, carbonate of ammonia, one 
and o-half drachms; water, one ounce. No. 3, bromide of 
potassium, ten grains ; water, one ounce. When required for 
use, mix solution No. 1, ton minims; sointion No. 3, five 
minims; water, ono ouiioo; and pour thorn over tho wetted 
plato. After remaining uxHin tho surface about half a minuto, 
pour this solution back into the dovolox>ing-glass, and add four 
or five drops of the carbonate-of-aramonia solution, and axiply 
tlio mixture to tho plato again. In all probability the developing 
will commence almost instantly, and should it apiiear too rapid 
the action must be checked by the addition of a tew drops moro 
of the bromide solution. Should the development be tardy 
from under-oxposnre or other causes, more of the pyrogallio 
solution must bo employed, leaving tho bromide out altiiguther. 
With careful and jadioums timtmout, the develt^ment will 
not take much longer than is required for wet plates, but it is 
better to work slowly than to hurry tho process in the.least 
degree. It sometimes haxipens that plates develop well, bnt 
with little intensity. In this cose it is better to wash off the 
olkalino dovoloper, and complote the intensification with ordinary 
pyrogallio uoid and silver, as in tiio wet process. It must here 
bo explained that in the compound developer given above the 
chief reducing agont is tho pyrogallio acid, the action of whioh 
is oousiderably intonsiflsd by the addition of tiie carbonate of 
ammonia. The bromide of xiotassinm is simply a restraining 
agent, employed to keep the other obemioals in something like 
order; iu fact, it plays the same part os aoetio at oitrio acids 
ill the ordinary processes, and tho addition at too mneih of. it 
will not only restrain the aotioi^ of the pyn^aUio acid, but 
altogether destroy it, and prevent any development trom.t^ing 
place. Vnien sufficient density has been obtained, the plate 
may be fixed in the usual way; but it has been advised i^t 
cyanide of potassium bo used instead of the hyposulpMte of 
soda, on aooount of the latter oahsing, an increased tendency 
on tho part of the film to leave the glass upon whiob it m 
support^. • 
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In coucladmgr tliia purt of our Bubjoct, wo nuiy hero leou- j 
pitulato 8 O 1 Q 0 of tho moat imjiorlunt pointa which muat bo 
obaarvud if the bi((heat suoceaa be doairod in dty-plato work. 
In tlie firat place, ^o glaaa platea naed inuat be of good quality, 
and moat perfectly oleonod; in tho wet prooeaa thia ia important, 
bat uinoh more ao in the dry. In the former case tlic film in 
its Bcnaitivo condition is only in eontuct with tho gluaa for a 
comparatively short period, while in the latter it may be fur 
days or weeks. This, of course, gives full scope for any dele¬ 
terious action which may l>o set up, and the result is dirty and i 
epoiied plates, many failures, and much disappointment. Bo- j 
sides being quite clean, however, the plates should bo perfectly { 
dry, or there wdll bo a greater tendency to splitting and i caring I 
up of tlio film during the washings which it will have to undergo. , 
When coating tho plate, allow tho collodion to become well set 
before immersion in tho nitrate bath, or the same tendency will 
be manifested. He sure to keep tho nitrate bath up to its full 
strength, and always test it with a wet plate to ascertain that 
it is in good working order before preparing a butish of dry 
plates. Allow full exposure in the camera, as a little over- , 
exponure can bo remedied, but undcr-oxposui'o never. Before ' 
proceeding to develop a plate, vuriiisli the film about a quaider I 


but an extensive confiagration that took place in 1854 also 
indiioutiy contributed to the imiwovemont of the town. Many 
of .the streets, squares, and publio edifices poaseas great archi- 
tcotural beauty, and the town is exoeliantly lighted and paved. 
Tho water-supply, wliick is abondaiit and of good quality, is 
derived from streams aud small rivers to tho north-west of the 
town. Thu railway viaduct, or High Level Bridge of New¬ 
castle, is one of the engineering triumphs of Bobert Stephenson. 
This gigantic wurk is 1,3117 feet iu length, and its height above 
the water-mark is 112 feet. It cunsists of four river and two 
land arches of cast iron, supported on piers of masonry; and. 
below tho railway there is a (lairiago road for ordinary traffl.; 
35 foec wide. The entire structure cost .£491,153, and waa 
opened by Queen Victoria in ISiS). All the railways entering 
tho town stop at a largo station near its centre, and nearly 
Boveiity trains arrive aud depart daily. 'Ilio market for the 
sale of butchers' meal and vcgetablcr, coiistruoted by liobert 
(Iraiugor, is 310 feet in length, has an area of 9,050 yards, is 
lini d with 213 shops, bc-'idcs slalls, ond is entered by 14 doors. 
It is one of the most s-].iu-ious and conveniftnt public markets in 
tho kingdom. A bi-weekly coni, and a weekly hay, produce, 
and cattle market arc held in Newcastle, and both are of eou- 
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of ail inch round tlie margin; this will prevent the water getting 
under it aud breaking it up. Wash well after fixing, or the 
hyposulphite will destroy the negative; above all things, bo 
careful iu the water used fur washing plates boforo exposure, 
us many fadurus Stay be trae.cd to the employment C‘f that 
which is impure. It is for this reason that wo have advised tho 
use of distilled water in many cases when ordinaiy water is 
usually rcoommended. Filially, the utmost cai-e and CicauUuus.s 
must be observed, nspoeially in the dishes aud vc,s.:>ols employed 
fur washing the sensitive plates. f 
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To continue our account of this town, within the past few 
years Uio making of fire-bricks has attained gigantic proportions, 
about oigbt.T millions being manufactured yearly in tho district; 
and gas retorts and sewage pipes are prodiicod in largo quon- 
titioH, and sent to all parts of the world. Grindstones from the 
Newcastle quarries are made at the rate of about 100,000 per 
snnum, and Portland and other couiciits arc manufactured to 
tho extent of some 11,000 tons. There are several large paper 
works of high reputation, and several largo taiinorics in tho 
vioiiiity of Newcastle. Between live and six hundred dozen 
hats and caps are weekly produced in the hat faeLorios of tho 
town, which oinidoy an aggregate of about 500 persons ; and 
coach-building ba.s in recent years bocemo an important trade. 
Besides those we have enumerated, a large variety of minor 
iudnstrios are actively proseonted in and about Newcastle. Tlie 
trade of the port consists chiefly of coal, and ortloJes for tho 
mannfactnre of which coal is largely required. Ineludiug North 
Shield#! and South Shields, which may bo considered sub-ports 
of Newcastle, more vessels are owned on tho Tyne than belong 
to any single port in Great Britain, Liverpool and Loudon 
excepted. 

Newcastle is situated on the north bank of the Tyne, and is 
9^ miles from its mouth, 54 miles cast of Carlisle, 244 miles I 
from London by road, and 275 by the Great Northern Kailway. | 
It stands partly on an elevated terrace, and partlj' on ground 
that slopes towards the river. The pits from which tho coal 
is obtained lie within abont two miles of tho Tyne, and extend 
from within two miles of its mouth for sixteen or eighteen 
miles up the river. There arc upwards of fifty largo eoUiorics 
at work within eight miles of the town. During the post 
fifty or sixty years very extensive impTOVomonts have been made 
in tho streets and houses of Newcastle, and it is now one 
of the handsomest towns jn England. Formerly a large pro¬ 
portion of the houses wore oonstruotod of timber, with tho 
upxier storeys projeotiug over tho lower, ond qnaint gables and 
donuct windows, aud at a later date they wore built of briok; 
bat all the modern streets are lined with houses of stone, which 
is found in abundance in the neighbourhood. It was prinoipally 
through the exertions and public spirit of an enterprising 
citizen, named Biohard Grainger, that this change was effected; 


f-idcrabii! omnmercial importance. During tho year 18C2, 
54,l>,'.tJ fat cattle, 280,110 shoei) and lambs, ond 34,5'14 swine 
j wei c sold in the cattle lufirket. Tho Newcastle News Boom is 
, one of the finest in Great Britain ; and tho theatre, situated in 
, (iroy Street, the hunusomo.-t thoroughfare in tlio town, is an 
. clc;;ant building, designed after the i’authcou at Rome. There 
, ai'o thirteen churches and chapels connected witlt the EstabUshed 
t'hurch in Newcastle, and about twenty-eight places of worship 
belonging to other denominations. The most ancient and 
intcrostiiig occlosiohtical edifices are tho church of St. Nicholas— 
originally founded iu 1091 by Usuiond, Bishop of Salisbury, and 
plucod under tlic jurisdiction of the Bishop of Carlisle—which 
was burned in 1210, the pn‘sent structure having been finished 
in J,‘i,59 ; and 8t. Andrew's Church, said to have been built by 
D.avid, King of Scetlnud, partly Norman in stylo, with a large 
but low embattled tower. Among the educational and literary 
institutions of the town, the most noteworthy are the Free 
Grammar School; the Sdiool of Medicine and Surgery, tho 
lectures at which tiualify foi' the diploma of the London College 
of Sui-geons and tho licence of tlio Apothecaries’ Company; aud 
the Literary and Philosophical Society, established in 1693, 
which occupies a liandseme Doric building, and possesses a 
museum and a library. The principal monuments in Newcastle 
are a column, surmounted by a statue of Earl Grey, erected in 
cuinmcmoratiou of the passing of tho Eeform Bill of 1832 ; and 
a bronze statue of George, StuiiKusoii. 

During the present century the population of Newcastle has 
iiiA’casoil at neerly the same rale as other Englisb towns. In 
IKUl there weio iu the borough 28,366 inhabitants: in 1811 
the number docliiiod to 27,.587; in 1821 it rose to 35,181; in 
1831 it was 1.2.760; in 1841, 69.130; in 1851, 87,784; in 
1861, 109,108; and iu 1871, 128,161-. Although in a different 
count,y, and under a separate juri-sdictiou, Gateshead, on the 
<>ppusilie bunk of tho Ty-ne, mutt be considered as a suburb of 
Ncwenstlo. Tho population of Gateshead ought, therefore, to 
bo added to tliat of Newcastle, and in 1851 there were in 
Gateshead 25,568 inhabitants, making a total populatiun for 
Newcastle, plus Gateshead, iu that year of 113»352. In 1861 
the popnlaGon of Gateshead was 33,.587, which, with tho popu¬ 
lation of Newcastle, makes a totiil of 142,695; and iu 1871 it 
was 48,502, giving in the same way an aggregate population of 
176,756. The electoral limits of Newcastle were enlarged undey 
the Boundary Act so as to inolnde, with the old borough, the 
townships of Jesmond, Heaton, Byker, Elswick, and IVeatgate. 
Newcastle was divided by tho Muuici]ial Act into 7 wards, and 
is governed by a mayor, 13 other aldermen, and 42 councillors, 
and Ims a commission of tho peace under a recorder. The town 
has tho privileges of a county, and it is represented iu the 
House of Commons by two membm’s. Among tho eminent 
natives of Newcastle are numbered Duns Sootus ; M*rk Akon- 
sido, tho-poet; Hutton, the mathematician; Lord Eldon, the 
celebrated Lord Chancellor ; his hardly less celebrated brother. 
Lord Stowoll; and Admiral CollingwooJ. Intimately oonneoted 
with tho town, thongh not born there, wore Thomas Bewick, 
tho famous wood engraver ; Eobert Morrison, Jhe (SiinoBe 
I Bubolar; and George and Hubert Stephenson, the ongiueen. 
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SANITARY ENGINEERING-XIX. 

‘ CLOSETS AND TpAPS. 

In oar kei paper wo gave 8om» detailed information as to the 
saving of water by mciuis of fiashing cisterns, and also alluded 
to the necessity of providing ventilation for systems of pipes. 
We now approach a branch of the sabgoct which, olthongh it 
may not bo eonsidorod pleasant by the general reader, is per* 
haps, oonsidored from a strictly sanitary point of view, superior 
in importance to any that have preceded it, as we now come in 
contact for the first time with a matter which has recently 
occupied no small share of public attention—^namely, sewage 
gases ; and before entering upon the mechanical details, it may 
be as well to show to a certain extent the nature of the dangers 
to be apprehended and the difiiculties to be ovoroome. 

danitary engineering, as for os this particular branch of it is 
oonoemed, may be dated as commencing within a century. 
Previous to that date the old cesspool system was almost alone 
in operation, and although probably, or indeed certain^, the 
various complaints arising from imperfect hygiene wore as widely 
spread and as deadly in their effects, pubUc scientific attention 
hod not been awakened, and the information now at our com¬ 
mand was not available. And here let ns note that it is by no 
means the most ofiensive gases that are the most deadly. As 
an extreme instance, we may quote a case which occurred in the 
western part of London some years ago, whon on entering a 
large section of a pnhlio sewer which had been hcrmetio^ly 
closed for some time and out of nse, and through which no 
current either of water or air had passed, some of the party 
were actually and instantly stifled by the deadly vapour. Others 
who eseapod with difficulty described tlio only warning of danger 
they roooived as something like a faint smell of rotten choose. 

Again, in another form, in a house reoently oroctod in the 
north of London, three successive families who occupied it 
lost almost immediately several of their members by typhoid 
fever, although there was no such distinct intimation of the 
preaenoo of defeotivo drainage arrangomenta at any time as 
would bo Buffieiont to attract attention. This we may take for 
granted, as otherwise the honae would not have boon entered 
by fresh tenants at comparatively short intervals of time 
without some investigation being made, intimately the case 
was taken up by the local sanitary authorities, when it was dis¬ 
covered that beneath the surface of the basement was a bed of 
partially decayed vegetable and sewage matter, from which this 
sewer poison arose, though its presence was not so patent us to 
be detected by any ordinary occupant. Quoting from a pam¬ 
phlet by Dr. Alfred Carpenter on this sobjoct, he says:—“ It 
wm not until the general introduotion into towns of closets and 
pipe-sewers that the injury produced by the gas was suffioiently ! 
isolated to bo positivoly identified. The result of the introduo¬ 
tion of oloBOts within tho walla of our houses oasts a lefleotion 
which is not altogether deserved, and which need not nooossarily 
be b;.nio. This misohiof has arisen from a nogloot of a natural 
law—rtz., not providing for exits os well os for entrance, sewers 
not being, like soda-water battles, snffioiently impermeable as to 
allow of being charged with gas under pressnie.” » 

In succeeding practical illustrations wo shall more than once 
have oooasion to refer to this axiom, as we may term it. In 
the early sanitary works which were carried out under the 
authority of tho Public Health Act of 1848, the consoqnenooB of 
sewer gas not being foreseen, were not provided against. No 
provimons were made to prevent its ascent into tho house or 

* j**^nj?** it oould reach the inside of tho 

• dwelio^. “As a factor in the production of typhoid fever its 
^wer u now wdl known; many other disorders of tho system 
have t^n directly toaced to its inflnenoe, diazrhosa, dyspepsia 
in all its forms, various forms of asthma, and headaches con¬ 
stant and intermittent." 

The same author also quotes a very tolling oaso of ill-oon- 
sid^ trapping. When the Warehousemen and Clerks’ Schools 
HiH were fint opened the children were in the enjoy* 
meat oTgood health, but in tho autumn of 1867 typhoid fever 
"Me its appeaeaaoe. It seems that a smell at first slight, but 
•ttorwards intense, had bean peroeivod in the laundry. The 
ertt was trappei and the smell prevented at that place 
xrwihe eewago gae until it reached the interior of the building. 
Tne^pooeegaenoe was that it was ooav^ed from the oesspool by 
the p^sewers into the lower part of, the building, and then 


into the other rooms. The arrangementa for general ventilation 
being defloiout, and many of the roome heated Iqr hot water, so 
that there were no open fires^an aocnmnlation of sewer gas 
frequently took place daring tho night, and the ohildren enter¬ 
ing the rooms before breakfast were expoeed to its iiffiaenoe 
under the most unfavontable oiroomatanees, the result being 
that 40 per cent, suffered tirom forms of typhoid fever, whim 
was, however, fortunately of a mild type. 

Instances might be m^tiplied afanost indefinitely showing the 
deleterious effects of sower gas. The last two we have quoted 
show how in positions where sueh a' result might be ooneidered 
quite unexpected, its evils were experienced, and we must leave 
untouched the vast question conneoted with tho crowded dwell¬ 
ings of the poorer olosses, whetro in many ports of London and 
our larger provincial towns, sanitary arrangements, though 
much improved of late years, are stiU lamentably defective. 

Having thus briefly indicated the direction in whi^ pieoan- 
tions have to bo taken, wo now prooeed to tho moehanio^ part 
of the question, merely promising that each example selected is 
only one of a class. The number of appliances patented within 
tho lost twenty years may probably bo reckoned by hundreds, 
some entirely novel, some merely adaptations; and we oommenoe 
with the general statement that in all closets treated in the 
present paper tho water-lute or hydraulic seal is the principle 
adopted. With cartli-closots and other methods of sewage ffis- 
posal, in which different methods aro employed, we propose to 
deal at length in future articles. The general principle of, the 
water-lute is that a body of water shall always be maintained 
at the topmost part of any system of sewage delivery, so that 
no free air-passago for gas is left open. The simplest form for 
illustration of the priuoiple is the old-fashioned brick trap with 
a dipstono, as in IHg. 14, applied in on ordinary drain. 

We give this illustration at this point to show the simplest 
possible arrangement for the passage of sewage and water and 
the exclusion of air in tho oourso of an ordinary drain, assisted 
by flushing, and the necessary ourrents to which drams should 
always bo laid. It will bo saeii that the " dipstono” has its 
lower edge always in the water, thus stopping all passage of air; 
bnt there is this remark to be made, that a “ double trap,” os 
it is technically called, is invariably a souroo of failure and dis¬ 
comfort. Supposing by some blunder two of these traps oon- 
struoted in one drain within a few feet of each other, the gae 
contained in tho intermediate portion of tho drain immediacy 
becomes “water-bound,” and instead of passing awayifaiongh the 
second trap, this acts as a cheek upon tho air or gas, whi^ever 
may happen to fill the space, and idthongh the sewage or water 
may run off, the gas confined between the two traps, of 

passing off through tho second, will bubble up through the/rst, 
unless (and here we may refer to our lost paper on the ventila¬ 
tion of pipes) an exit to the external air is provided, either in 
the shape of an air-pipe or by some other means. We give thk 
illusimtion in tho plainest form, as it emboffies the one leading 
piinoiple of all closets or traps where water is used, .however 
compUeated in their applianoes or expensive in their fittings— 
to provide an efficient hydraulio lute or water-seal, mid avind 
all ehanoe of “ lack pressure,” whether arising from dooble- 
trapping or tidal influences, a moat important point for con¬ 
sideration in low-lying districts, such as Bermondsey, or water- . 
side looalitiea, such as Soorborough. 

The plain general principle thus stated, we arrive at the first 
portion of the subject proper of our paper, “ Closets,” and pro¬ 
ceed to give a few illustrations of the appUances now in general 
use, with a few words of explanation as to each. The great 
improvements in what may bo called sanitazy pottery have 
placed ns very far in advance of the last generation in this 
respect. Our first (Fig. 15) is a plain cottage trap, dependent 
upon^ simple flashing, without any meohanioal contrivances. 
This is made of plain earthenware. 

Our next illustrations (Figs. 16,17) show the action of one 
of the most reoent improvements in earthenw a re. It vrill be 
seen that the valve, closet, and trr,p ore mannfhotnred in one 
piece of earthenware. The manufacturer is Mr. George Jen¬ 
nings, of Lambeth. 

We now pus to various desoriptiona of (flosets where the basin 
mly is in china and earthenware, and oilier portions of fittings 
in meW. Fig. 18 is what is ordinarily deaoribed m a pan rioset. 
Within the leoeiver A (Fig. IS) ia contained the hinged pan n 
(Fig. 19), and the water-line, whmi Ant, ia indicated u before, a 




Talve oloaeta are differently construoted. Here (Fig. 21) the 
water-lise is maintaiiied by« valve at the bottom of the Inwiii, 
oanfolly ground in or maintained in its place, or hermetioally 
sealed by a lever and spring. The valve is at a, b is the lever, 
and 0 is the spring. In (his case the additional secority of 
what is teohninally called a D-trap is shown at d ; this is made 
of lead, and its internal oonstmotion and water-line are shown 
in t^ ontline sketch in Fig. 20. 

Fig. 23 shows a closet known as ITndorhay’s Patent, which 


provides a bellows arrangement for tbo gradual delivery of 
the water, indicated at A. These closets are ofte% provided 
with elastic or india-rubber valves, and there are many mechani¬ 
cal details of constmetion introdneed, upon which a volume 
might be written; bat with this lost instance we dismiss the 
qoeetion of closets, and proceed to that of traps, of which we 
shall also give some aketohes, showing two or three of the most 
important improvements recently introdneed. * * 

We have now passed the points of oonstnintion at which 
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water-supply ondTOutilation only arc to be dealt with, aiid hare 
arrived at that period in oar papers on “Sanitary Enginaoring” 
'at which it is to bo taken for granted that all air to be dealt 
■with is /out, that is to say, charged in a greater or less degree 
■with Bowago gases; and the roison d'Ure of traps, is to pro¬ 
vide n vessel through which, in whatever form it may bo con¬ 
structed, Bowago ciemeuts may pass if contsiuod in a volume of 
water, without allowing any air to return by the passago. And 
here arises a quoBtion as to tlie comparativo sisv of pipes and 
drains. When the subject was, ns we may say, in its infancy 
and little understood, the idea was started that by having the 
miniuiuin size both of pipu and drain, sewage elements could bo 
forced downwards v/ith their attendant gases, and the whole 
bodily discharged into tho ultimate receptacle, whatever that 
might be; and at that time it was not uncommon to hear of 
conveying tho whole drainage of a houRohoId through a 3-inoh 
pipe. Iho error in tho lirst place was in tho theory, as these 
gases con never be forced downwards, the oliect of any pressure 
slightly oxoueding that of tho ordinary atmosphoro being sufli- 
oiont to return thorn through all tho oi-dinary traps and water- 
lutes, and to laisu thorn to the surfaco in bubbles; and in tho 
second plaoe, meuhamual, a-s the acoompanimeuts of ordinary 
kitchen washings, sewage being loft out of the question, wore 
sufficient, by their gradual aoenmulutiun of solid matter, greaso, 
or otherwise, to create au absolute stoppage. We quote from a 
well-known publication :—“ In tho ‘ Mcnzies ’ system it i.s sup- 
liused that by having pipes only of sufficient size to carry the | 
sewage matter, gases will have no room to form, or bo forced 
downwards. Unfortunatoly the facts aro otherwise. Eor tho 
pipes often choke at Aldershot, where this system is in opera¬ 
tion, and tlio fiialitir (sic) bubbles up, cntailing a cost of several 
hundred pounds annually to open and repair them, in eSectiiig 
■vdiieh it is impossible to avoid danger from lotting loose some 
of tho gas.” 

A pipe of ample size, well flushed and thoroughly ventilated, 
bas been proved by expcrioiieo to be the only efficiout medium 
for removing eowage. Into the detail, constmotion, and manu¬ 
facture of the various descriptions of pipes we do not here enter, 
as under another homling in the scries of The Tgchmicat, 
EuucATOJi these questions will bo dealt with at length. We 
content ourselves with giving a few sketohos (Pigs. 23, 24, 2.'»), 
showing the various metliods of trai>ping stoneware drains, 
marking the water-line in each ca.so. It will be seen that in 
every ease the only proieutiun is tlie water-lute or hydraulic 
sea! to prevent the passage of foul air. 

The D-trap, of which an outline sketch is given in Pig. 
20,'and which in a slightly modified form is also called a 
P-trap, was for many years the only form of trap available in 
plumbers’ work. Where size is required, it is mode of x>iocos of 
lead soldered together, into which the inlet and outlet pipes Uro 
sueured by similar moans. A new form of trap bos, howAver, 
boon introduced within tho lost few years by Messrs. Hoard 
and Dent, and is the subject of a patent. Tho trap can be 
cast in one piece of lead to any size, as may be seen in tho 
sketuh, and presents many advantages. There is much less 
room for the auuumnlation of sediment, offensive or otk-wwiso, 
and the absence of joints is a gi’cat safeguard against leakage 
or failure from any similar cause. Wo aubjoin two sketches 
(Figs. 20, 27) showing tho form of trap and tho water-line. It 
will bo seen that though tho material is different, the principle 
is identical. 

The difficulty overcome, and therefore the secret discovered 
and made tho aubjoct of tho patent, was the removal of what is 
^technically oallod in oasting tho “core,” i.e., ■the inside of the 
mould; an ingenious maihcmatiital combination of pieces which 
we can only compare to a puzzle, and which no diagram could 
make intelligible, attains tlie desired effect. The some firm hare 
applied these traps to closets, with various improved valves, 
india-rubber and otherwise; but having already given some 
general ideas of that snbj^, wo have no space for further 
detail. 

The Hist modern improvomout is tho introdnotion of venti¬ 
lating traps, which, while (hey intercept the passage upwuds of 
foul air from tho draiue, provide also for its dispersion to the 
external air mtiside the -waUe of tho house. 

We give a section of one, Mansergh's patent (Fig. 28), applied 
to a fOik ofily; but it will beread^ seen how it is also applicable 
to release ot foul tdr 'from any system of drainage. Another 


I'ooontly introduced is the invention of Mr. Cottam, on Asaooiato 
of the InBtilnl,iim of Oiv il l';nginoor3. It consists of what may be 
called a twofold trap (Fig. 23), with an exit to the open air in the 
oeutro, provided with a body of ohaccoal as a disinfeotant to the 
gas involved. In giving this wo ore to a certain extent touoh- 
ing upon tho subjeot of subsequent papers—the ffisinfection of 
BOwago gases; but as perhaps the meet novel effluvium inter¬ 
ceptor, os it is termed, which has been introduced, wo oouolnde 
at this point tho subjeot of closets and traps, one of the moat 
important (as will appear from the cases cited at the oom- 
mcnoement of tliis paper) of all that fall within the provinoe of 
tho engineer. 


BUILDERS’ (QUANTITIES AND MEASURE¬ 
MENTS.—X. 

ET E. WYKllHAM TAEN, M.A. 

.lOIMEUy AM) IBONHONGEBY (cHlinued). 

Ik the last lesson wooxidained at length tlio methods adopted 
in miuva-aring tho various works which are executed by tho 
joiner in tho erection and finishing of buildiugH. We now pro¬ 
ceed to show by examples how those rules are to bo put into 
practice by tho measuring surveyor, either in taking out qoau- 
titioB from plans, or in measuring work actually executed. In 
practice it is iulvisablo to enter tho works on each floor sepa¬ 
rately in tho dimension book, so that they can more readily be 
referred to .afterwards, if any question should arise as to the 
eorrcctuoss of tho uicasiiroments. The measurer is also less 
likely to miss any part of the work by completing each floor 
before ho proeecds to tho next. The staircases may be loft to 
the last, unless they differ at each flight, when they may he 
taken at the same time os the work on the floor to which they 
belong iu measured. 
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No. 1 pr. 3| in. b. and s., 1 0 in. ^ in. 3 bolt mortise lock, china 
fiimiture. 


1.5 0 
0 5 


0 0 

] 

No. 3 dvtl. blockings. 


! D, in, dU. rebd. oud bbd. 
huings. 
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3) XO 3 
0 5 


2) 17 0 


23 0 


13 7 

Si 0 

23 0 


1 iD. Iramed and reli. gronnd. 


1 in. aioli mo, in. v. 


Sqre. outfle 8t.iir, iJuggod. 


STAIBCASl: irBOU aBOVND TO ONE-PAlli VLOOU. 


21 6 
3 3 


3 3 
5 6 


08 11 


17 11 


Ij in, yell. dl. treads, 1 in. 
risers, mitred to cut-stiiuir, 
glued and Uockod, moul¬ 
ded uosiugs, 2 Hr oorriages. 

Add winders. 


No. 15 returned mo. nosings. 15 cut brackets. 

,, 1 curtail scroll end. 30 dvtl. boosings for balusters. 

„ 15 honsings for stops and risers. S bousiugs fur winders. 


15) 3 3 


I 


15 0 
0 11 


1 0 


15 0 
1 0 


12 0 
1 0 


48 8 


13 9 


1 6 


15 0 


12 0 


Grooving iind tougnoing 
trends and risers. 

IJ in. reb. bdd. outer string, 
cut und mitred to riser. 


Add writhe, glued upright, 
reb. und bdd. 

1 j in. wall string, plugged. 


Ditto ramped. 


16 0 


3 0 


No. 2 tougued angles to string. 18 housings. 
„ 30 1^ in. turned balusters. 


15 0 


3 0 


3 in. moulded and Fr. pold, 
mahogany handrail. 

'Writhe to ditto. 


No. 3 handrail screws. 1 housing to newell. 

„ 1 anrtoil scroll to handroii. 1 c. i. newell. 

I, 30 housings in handrail for balusters. 1 screw nut and joint to cap. 
8 8 • j I Ij iu. mo. and sqre. siiondril 

SO I 22 9 I framing. 


No. 1 pr. 2^ in. b. and s. 1 enpbd. lock. 1 brass knob tumbncklo. 


6 0 
1 2 


7 8 


7 7 


1| in. shelf. 


7 8 

No. 2 c. 1. brockets and screws. 


, S in. chomfd. fillet, 21 in. 
I wide. 


MINING AND QUARRYING.—XXII. 

BT OSOKaK OhADSTONX, F.C.B. 

BBASS. 

coNsrrruxNTB — HonssM pbocebr op uanufactubp — 

^ AHCIBWT PKOCESH — YBU,ow USTAl,—FSOFBSTIXB OF 
BBAS6—UCQtrEBniO—ACTION OF ACIDS. 

Bbabb is an alloy of ooppor and slno, in Torioaa relativo pro¬ 
portions, but the ordinary composition is abont 70 per cent, of 
the formw to 30 of the latter. If more sine be added, the alloy 
■will lose in tenacity, and all the compounds in which there is 
an absolnte ezoess of sine are so brittle us to be prootioslly 
valaelese. The ordinary commercial article will often bo fonnd 
to oontaiD some' snuJl qaantitf of lead and tin, but those are 
(generally acoidontal imparities, often arisingr from the melting 
down of old metal to wUch some solder may be adhering. 

The simpleBt plan of malting brass oonsists in the direct 
combination of the two metals when brought to a molten state; 
but ei|U> 1% this some piecaations are necessary in order to 
prodnee a satiafhetory result. The pvocesB may either be con¬ 


ducted on the hearth of a roTcrberatory furnace or in crucibles 
placed in a kilit. The piinoipaJ objootion to the former is the 
riak of groat loss in the weight of the product from the readi¬ 
ness with which the zinc oxidises and becomes Tolatilised. 

The cmcibloa used are made of refractory clay; in these a 
eortain quantity of pure copper is placed, and heaW up to just 
the melting-point, when small pieces of metallio kino oro 
gradually dropped in and allowed to mingle with the other 
until a Boitablo proportion has been arrived at. This point 
will, of course, be determined oooording 'to the kind of brass 
wanted ; but in any case the quantity of zino used will have to 
bo somewhat in excess of that desired to remain in the allay, 
as, nnder the most careful management, 24 lb. of copper and 
12 lb. of zino will only prodnoe 34| lb. of brass, having the 
per-oentago composition of 68'8 of ooppor and 31‘2 of zinc, 
showing that the loss is ezolusively in the latter metal. Under 
the repeated ro-moltings to which it may be subjoct in after use, 
the brass will continue to suifer some further loss in weight, 
and the relative proportion of copper wUl be found to be still 
on the increase. 

As stKm as the con'tonts of the crucible have properly com¬ 
bined, tho metal may at once bo pourod into sand moulds to 
make castings; but if it is intended merely to produce ingots 
of brass, for subsequent rolling or re-molting, closed iron 
moulds arc used, which ore gently heated prior to the alloy 
being poured in. Tho interior surface of th” moulds is pre¬ 
viously oUed, and dusted over with a little charcoal powder, to 
prevent tho metals from adhering together. 

The original process, but which is now rapidly going out of 
nse, on account of being more tedious and expensive, though it 
is supposed by some to yield an article possesaing superior pro¬ 
perties, consisted in exposing the oopper in crucibles to the 
action of a mixture of calamine or blende with charcoal. Cala¬ 
mine and blende are the two ores of zino of most common 
occurrence in nature, aud by this process of cementation the 
metal is separated from the carbonate and sulphide with which 
it is associated in tho oro, and unites immediately with the 
copper without ever existing in a freo state. 

The arrangement of the furnace used in this manufacture is 
shown in Figs, 1 and 2, tho latter being tho horizontal plan 
at the level, A B, of one of tho bod-plates of tho kilns, C, D. 
Tho air is admitted through x, tlio open chamber below, and it 
thonce pasaos up through the perforations (shown in Fig. 2> 
in tho bed-plate, the current being increased by a floe which 
passes from f f into tho chimney a, and whioh oan bo regulated 
by means of a damper as needs may require. On tho bed-plate 
tho crucibles ii, h, etc., are so placed as not to interfere with 
tho air-holes, and the space between them is loosely fiUod with 
coke, care being taken not to choke tho draught. Eaoh 
oruoiblo will hold abont 100 lb. of finished metal, bnt the 
weight of the ingredients whioh oonstitute the charge will be 
about 140 lb. The proportions of oourse vary aooor^g to the 
kind of brass to bo produced, bnt tho weight of oalamino is 
usually in excess of that of the metallio oopper, and the 
quantity of charcoal about one-fifth of the latter. The oopper 
is always used in a granulated state, so as to present as large a 
surface as possible to the action of the other ingredients; and 
the oalamino or blondo is first calcined and finely powdered. If 
a brass is wanted whioh shall contain a largo proportion of zinc, 
old brass is often used in port substitution of the copper. The 
omciblos are oovorod over, and the lids luted closely down, 
and they are kept up for some hours at a wbi'te heat; but 
the contents are not allowed to rise to a temperature at which 
the ooppor would melt, because in that case the liquid oopper 
would All collect together at the bottom of the crucible, and 
only the upper surface would be exposed to the action of the 
zino ores. After a time some white fumes of volatilised zino 'wiU 
be fouud to escape from the staoks in the luting, whioh indioate 
that tho prooesB of conversion has so far progressed that -the 
temporature may now bo gradually reduced. -The cmoibleB are 
then removed from the kiln, and opened; the dross is akunmed 
oil the surface, and the oontents then poured at once into the 
moulds. 

Brass, nnder the name of yellow metal, is very lar^y used 
for the sheathing of ships, in lien of oopper; and os these 
sheets have to be manufaotnred upon a very great scale, it is 
not found to h* practically oonvenient to make it by oiiher of 
the prooesies alimidy described. The most approved propoi'- 
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tiana *ot this alloy are two-fiftlis of ziao to three-fifths of 
aopper, and aay Tariation from this should rather bo towards 
as inotease of &e former than of the latter metal. It does not 
withstand the notion of the sea-water nearly so long as pure 
copper, bnt the difference in the first cost is so great as to make 
it the more economical for the sheathing of ships; and tho 
gentle %Btion to which it is constantly sSb- 
jeot from the «ea-water always maintains a 
bright clean sarfaoe. It is nsnally made 
in reverberatory furnaces, the copper being 
first reduced to a molten state; and then 
the zinc is gradually added. A considerable 
amount of oxidation necessarily takes place 
in this kind of furnace, and under the most 
careful management the loss of zinc from 
this cause will bo so uncertain as to render 
it necessary to test the metal before running 
it out into tho moulds; in practice, more¬ 
over, it is rare that tho pure metals alone 
are used, for tho old metal which is stripped 
from the ships’ bottoms at each ro-sheathing 
(which occurs usually about evory three 
years) is taken back by tho manufacturer 
and re-melted, so that further elements 
of uncertainty are introduced into tho oporatinii. It is usual, 
therefore, to draw a proof of tho alloy from l.ho furnace, just as 
in tho refining of copper, md test the sample ingot by passing 
it through tho rolls, and then breaking it to see tho character 
of the fracture. This is repeated till a satisfactory specimen 
is obtained, whnn it is at onoe run out into iron moulds, ns we 
have already descrilted. Tho ingots 
are rolled out into shoets while hot, 
thon annealed, and finally cleaned by 
immersion in weak sulphuric acid, and 
a scouring with sand and water. 

The physical properties of brass bear 
a strong general resemblance tti tlioso 
sf copper; but it possessos certain ad¬ 
vantages over the pure metal. The first 
of these is on economical one, the price 
•£ zinc being so very much lower than 
the other, that after allowing for tho 
expense of manufacture, the cost of tho 
product is very much lower than that 
of copper. The alloy is harder than 
either of its constituents, and is of 
greater density than their mean; but 
it melts at a lower temperature than 
copper, and produces very good and 
sha^ castings, all whicdi circumsuvnnps 
oomblne to render it a most suitable 
material for small ongincering work. 

Moreover, it is less affected by atmo¬ 
spheric influences than copper, and by 
a very simple process which will be 
referred to presently, a most brilliant 
snr&oo can be given to it whioh will 
effeetoally prevent it from tarnishing. 

Henoe it is applied to an almost in- 
fibaity of uses, domestic, engineering, 
and scientific. It is constantly to be 
met with in looks, hinges, handles, 
hnoklea, and bolts; in ornaments for 
the table or montelpieoe; in chandeliers 
and gas-burners; in weights and scales; 
in the finer parts of nearly all steam- 
engines and other maohines; in clocks; 
in matihematioaTand optical instruments, etc. 

Brass is also highly tenacious, so that it con bo rolled or 
beaten out into very thin sheets, and drawn into very fine 
wire. It oaa, indeed, be b^ten out into loaf, quite as if 
not thinner t.hn.w that of gold, for whioh it is often nsed as a 
Bubsidtate. 

All these different qualitieB are of oonrse more or less affeoted 
by the idative proportions of the respective ingredients; the 
table at the and of this aztiole will serve to ehow rong^ whioh 
are the most appropriate combinations for the various pur¬ 
poses that may bo required. It should be borne in mind tbat 



I the two metals will combine in any proportion ; and the general 
I character of any intermediate oombinhtion may bo very fairlw 
I judged^ of by eomparing the two given in tho table between 
I whioh it would take its place. As more zinc is added the alloy 
I becomoB etUl more brittle, it loses its fine colour, which then 
I passes into a grey, and has no special quality to recommend it. 

A slight admixture of lead, not exoeed- 
ing about 2^ per cent., is rather an advan¬ 
tage if tho brass is intended to bo worked 
npon the lathe, and a similar quantity 
of tin will not injuriously affect it when em¬ 
ployed in making castings, while it is even 
advantageons if the brass is to be need by 
the engraver; bnt a much less proportion 
of either of these metals, or of antimony, 
will destroy its value for wire-drawing. 
For this lost purpose the alloy cannot be too 
pure. A little antimony will in like manner 
affect the rolling of it into thin shoots by 
rendering the metal brittle. 

Brass resembles copper in its beliavionr 
under the hammer, and needs annealing 
from time to time in order to restore its 
malleability. During these repeated heat¬ 
ings tho surface becomes tamishdd by the formation of oxide, 
from which it is subsequently purified by dipping it into weak 
acid, and then washing it with water. 

On prolonged exposure to the action of tho atmosphere it gra¬ 
dually acquires a dirty block colour, but this can be effectually 
prevented by coating tho surface when quite pure and bright 
with a thin film of lacquer. This is made 
by dissolving shellac in alcohol, and 
applying the solution to the surface by 
means of a fine brush. Both the 
articles to be lacquered, and the lacquer 
itsolf, should be thoroughly warm ; and 
then, on drying, the thin film of loo 
will be found to bo quite transparent, 
and to have so smooth and bright a 
surface as to resemble the most highly- 
polished metal. The lacquer a(B)eTeB 
with such pertinacity to tho surface 
that it can only bo scraped off with 
difficulty, ojid tho brass may afterwards 
bo bent to and fro as much as one 
pleases without its being separated. 
By discolouring tho surface of the 
metal, through the agency of acids or 
otherwise, prior to lacquering, various 
tints, such as those of bronze, can be 
produced; or a deeper tint may be 
given te the lacquer itself by the addi¬ 
tion of some of the muro highly-coloured 
resins. 

If a dull or frosted surface is desired, 
which often forms an agreeable oontrast 
to the other in ornamental work, it is 
prodneod by a process which is termed 
“ dead dipping.” In this case tho brass 
Q is exposed for some time to a comparo- 
livoly strong solution of nitrio acid 
until the surface has become thoroughly 
granulated. It is then washed in 
pure water to remove all the acid, ancP 
next dipped in a cold weak solution of 
tartrate «t potash, after which it is 
dried by rubbing it with hot sawdust. 

I It is then ready for the application of the lacquer. 

; The action of acids upon various kinds of brass is not a 
} little remarkable and instraotive •. for instance, a strong nitric 
I add will dissolve equal quantities of copper and zinc in on alloy 
' in whioh the two metals exist in equal proportion, while a weak 
acid will espeoially attack the zinc and very slightly affect the 
copper. Indeed, if the alloy contains an oxcoss of zinc the 
action of a weak add will be much greater than if the two 
metals were treated separately; while if the zine is only equal 
to or less than the copper, the alloy is only very slightly sioted 
upon at alk Strong hydrochloric acid will dissolve out nearly 
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all tbo ziao ffont an alloy consisting of equal parts of oaob 
&etiil| leaving the copper almost ontonohed. A weak liyilro- 
chloric acid will dissolve out a xiortion of the zinc, pravidod this 
metal is in excess; bnt it has no effect whatever upon an alloy 
of equal i«irtH of the two metals, or of any combination in 
which the excess is on the side of the copper. Again, with the 
strongest 8ul))hnric acid, if the xino is in excess, zinc only is 
dissolved, and that sparingly; hut if the two metals are in 
equal proportion a greatly inoreosed action takes place, and 
both metals are equally attacked by the acid. A weaker aoid, 
having the formula H,SO*+ 211,0, scarcely affects any of the 
alloys containing an exoosa of, copper; and that consisting of 
eqn^ ports of the two metals is absolutely unaffected by it. 

TABLE BHOWIUa APPaOPSlATB COMBINATlOrfS OP COPPETS 
ANn ZINC rOK IIBABR. 


COFTBIt. 

Zinc. 

CkllODB. 

OTBEH CaxBACTEniSTICS. 

rxs CKITT. 
85 

1 PXR OKHT. 

15 

i 

Yellowish red. 

A very hard fibrous metal, 

80 

so 

Keddish yoUow. 

with good working 
qualities. 

Rolls and hammers well. 

76 

S5 

Brass yellow. 

Good for wira-drawin?. 
Good workinKT qnalitioR. 

70 

30 

Brass yellow. 

Highly tenacious. Used 
in machinery. 

Common brass. Works 

66 

05 

Full yellow. 

well under tho hammer. 
Bulls iiud hammers well. 

CO 

40 

Yellow. 

Good for wire drawing:* 
Usod for sheathing: ships. 

50 

50 

Golden yellow. 

Tiollfl moderately well. 
Very hue colour; auitahle 




for ornamental cnetiii^s, 
hut too brittle for other 
purposes. 


BIOGRAPHICAL SKETCHES OP EMINENT 
INVENTORS AND MANUFACTURERS. 

XXTII.-THOUAS TBLFORD, BNOIMRBR. 

BT JAMES OBANT. 

Thomas Telford, one of the most disUngnishod of onr dvil 
engineers, was bom in 1757, of humble xiaronts, in the secluded 
and xwstoral valley of Eskdale, as the eastern portion of Pum- 
friesshiro is designated. At the parish sohoul of Wostorkirk, 
he received the education which generally falls to the lottof 
Soottash ohildren of his class, and was snlficiontly well grouxded 
as to make himself master of Latin, Frouoh, and O-orman. At 
the age of fourteen years he left school, and was bound ap¬ 
prentice to a jobbing bnildor in his native xmrish, and there 
he worked for some years as a stonemason. At the expiry of 
his time he proceeded to Edinburgh, where a now town wp,s then 
in the oourBo of erection, and studied the principles of archi- 
'teoturo, till 1782, when he prooeeded to London, whore his skill, 
intelligence, and superior education Bijeodlly found him omploy- 
mont under Sir William Chambers, in the building of Somerset 
House. His merit soon became so oonspicnous tliat ho was 
soon after entrusted with the superintendonco of certain works 
for (^vemment at Portsmouth Dockyard; and in 1787, in his 
thirtieth year, he was appointed Surveyor of Public Works in 
ShiD];»hiro, a situation which he held till his death. 

In 1798 he was employed by the British Fishery Society to 
inspoot and report apan the state of the harbours at their 
respeotive stations; and ho devised the plan for that extonsivo 
establishment at Wiok, in the county Of Caithness, which is 
known by the sahie of Pnltenoy Town, a modem and thriving 
snburb of the aw^ent and royal burgh, and now in every resimot, 
save anti^nity, regarded as the town, and Wick as the suburb. 
Prior to the ^ Telford, its site was a large barren heath 
on the entailed estate of Heinpriggs. He designed the harbour, 
the streets, and a eertabi mUnW of buildings adapted solely 
fat purposes connected with the herring-fishery, which in the 
seaSem. employment for more than a thousand boats, the 
orewf of Which are Highlanders, Norsemen, and Dutchmen. 

In the years 1803 and 1804 the Ij^liamentary Commissioners 


for Making Hoads and Building Bridges in the Scottish High¬ 
lands appointed Telford their engineer, and under his dirootiona 
more than 1,100 bridges were built, in some inatanoea where 
none had existed before, and 860 miles of new road oonatruoted 
in districts that prior to his day had no other tracks than the 
old war-x)aths or drovp-roads of the men of Fjngal’s time and 
the olansmen of later years. • 

The new bridge of five arches across the Don (superseding 
the ancient and well-known “ Brig o’ Balgownie ”), at Aberdeen, 
was built by Mr. Gibb from a design furnished by Telford. 
Each arch is of 73 foot span, with 24 feet of rise. Its total 
expense was ^14,000, and though it wa.s in on nnfinislied state 
daring the tremendous floods of 1829, it escaped on that occa¬ 
sion without injury. 

In aU these and various other works executed by Mm 
in Ms native country, in England, and in Wales, Ms wonderful 
skill enabled Mm to surmount natural obstacles and diflionlties 
of the greatest magnitude; but the most stupendous under¬ 
taking in which he was engaged, and pnrhaxis the most im- 
]>erishable monument of engineering fame, is the Menai 8asx>en- 
sinn Bridge over the Monoi Strait, one of the most magnifioeut 
works in the world. 

It was full time that some such moans of crossing the strait 
wore oonstruotod, as between the years 1604 and 1842 no leas 
than 180 xiorsona had boon drowned at the Ferry of Mool-y-don. 
So early as 1810 more than one design foa a bridge had been 
designed, and rejected as impracticabk:; and it was not until 
the completion of the great Holyhead road by Telford, thsit he 
saw the absolute necessity of devising some safe means of orosa- 
ing. Ho aelooted a spot oallod ynys-y-moch, where the bold and 
rooky ahores on each aide gave opportunitiea for a lofty road¬ 
way, which was carried 100 foot above high-wator mark, so as 
to allow vessols of the hixgcst size to pass nndomeuth. It is 
diflioult for the eye to ostimate the colossal proportions of this 
wonderful bridge in the air, and it is only after attentively ob¬ 
serving the vehicles and human figures crossiug it, and looking 
in tho distance through the high trellis-work of iron like flies 
in the web of a spider, or sparrows fluttering in a not, that it 
is fully appreoiatod. A sensible vibration is ximduced by*the 
passage of a vehiole, or oven a man and horse; hut it has with¬ 
stood the greatest storms of wind almost witliout injury. Tho 
weight wMoh the chains support is calculated at 489 tons, and 
that wMoh they are capable of supporting, at 2,016 tons, leaving 
an available {x>wer of 1,520 tons to resist any unusual strain. 
Tho total cost of its construction was .£120,000. Tho masonry 
is of a hard Umestone from Fonmaen in Anglesea. 

Prior to tMs work, in 1808, Telford was employed by the 
Swedish Government to survey tho ground and lay out an 
inland navigation through tho central part of the kingdom, 
with the view of forming direct communication by water 
botwoon the North Soa and tho Baltic. Plans for this pnrxKise 
had boon devised, bnt vainly, in earlier years. In 1516, Bishop 
Brosk proposed to oonneot Lake Wottern with the Baltic; 
Gustav I. thought seriously of it. Charles IX. was tho first to 
commence tho undertaking by opening a port oallod Carls-Graf 
to avoid the nppor falls of the Gotu River. In the reign of 
Gustavus Adulijhus a eommoneement was made ef tho Hjelmar 
Canal, but it was not oomplotod till 1701. At a later period 
surveys of a line between tho Wenrorn and the Baltic wer» 
taken by Daniel Thnnherg, and in 1793 a company was formed 
for making tho Trollhatten Canal by Eric Nordovall; bnt the 
real founder of the groat Giita Canal was the Baron Baltazar 
von Platen, who in tho year named, 1808, “ snmmoned the 
famous Scottish en^ueor, Thomas Telford, and in twenty days 
tho whole line was marked out nearly over the same ground os 
that contemplated by Daniel Thnnherg.” The work was oMefly 
done by the infantry of the Swedish army; abd when, in 1813, 
Telford again visited Sweden, the gigantiq undertaking was in 
full progress, but it was not fully open until 1822. 

The genius of Telford was not, however, entirely confined to 
Ms profession. In early life be -fras a contribntor of many 
pieoes of oensiderable poetaoal merit to “ Bnddiman'a Weekly 
Magazine of Edinburgh Amnaoment,” a periodical published 
then by the Brothers Buddiman, in Foresters Wynd, wMeh 
oi>ened off tto Lawn-market, These effurions appeared under 
j the signature of “ Eskdale Tam; ” and he addressed, in rhyme, 

I an epistle to Robert Bums, a portion of whiob has bem insc^d 
I by Dr. Currie in Ms well-known life of the poet. Though he < 
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soon rolinqnisbed, os nnprofitablo, tho task of rhyming, Lb re¬ 
mained a poet all his lifo. 

“ The poetry of his mind,” it has boon said, “ was too mighty 
to dwell in words and metaphors ; it displayed itself by laying 
the sablime and beantifnl tinder contribution to tho useful for 
tho sorvioe of man. His Caledonian Canal, his London and 
Holyhead Hoad, are poems of the most oxaltcd charaetor, 
divided into numerous oantos, of whioh the Menai Bridge is tho 
most magnificent one. What grand ideas can words raise in 
the mind to oompare with a glance at that stupendous produc¬ 
tion of human imagination P ” 

The most important of Telford’s public W'orks was tho 
planning and laying out of tbe Caledonian Canal, a magnificent 
line of inland navigation fiOJ miles in length, through Glen 
Mhor na' Albyn, or the Great Glen of Caledonia, which extends 
due west and ncsth-east from tho isle of Lismoro, in Loch 
Linuhe, to the sutora of Cromartie, on tho Moray Firth. 
This great canal was one of a series of improvements whieli 
had poonliar roferenoo to tho Highlands and tho condition of 
its people at that time, and was pressed upon Iho Government 
as a means for chocking that emigration which threatened to 
leave all that part of Scotland a wilderness. It was proposed 
by Tolfonl that tho canal shonld bo wide enongh to admit the 
largest class of Baltic and American traders, or oven a fully 
armed fi2-gnn frigate, with an uniform depth of 20 foot of 
water, and with Ipoks measuring 170 feet hmg by 40 feet wide. 
His original estimate f<<r this, and cutting tho necks of land 
connecting the chain of locks, was no mc'ro than .iCIjriO.OOO; 
but ere tho great undertaking was coneluded the sum ainouiilcd 
to -fil,02:1,628, X4:4,.’i00 of which was siiciit in obviating legal 
opposition and chicaneries alone. 

It would appear that the present troliic on tho canal i.s pro¬ 
bably not per cent, of tho whole trade going through the 
Pentland Firth. The average <.f toniiage passing through tho 
canal, exclusive of steamboat.^ aid io' a I Irallic, has been about 
20,000 tone per annum. I'o prevent the delay—sometimes of 
throe or four months—of going round Capo Wrath during 
westerly winds was one of tho principal objects of tho canal; 
but this end is defeated by the circnmstanco that as it lies in 
the trough, or hollow, between two lofty ranges of mountains, 
the wind blows always parallol to the lino of iho canal, so as 
necessarily to be a foul wind in ono diroetion; and, con¬ 
sequently, as ships can neither tack n' .r bn tracked by horses, 
the whole length, which ought not Li occupy more than four 
days, takes at times as many weeks. 

Steam-vessels arc now. however, plaoed on llio canal, and the 
whole Boonory, from Corpach to Inverness, is so singularly 
romantic and sublime, that ito character is greatly enhanced by 
tho passing and repassing of laigo vessels gliding over the 
bosom of these vast lakes under tbo shadow of lofty mountains 
and forests of birch aiid fir, thus fuirillmg tho prediction made 
by a Highland seer, four centuries ago, “ that vessels with white 
sails would be seen traversing the lonely Glen of tho Iiakos.” 

It was opened from soa to sea, .aocording to Telford's plans, 
after twenty years of labour, on tlio 2:)rd of October, 1822. 

Telford was a Fellow of the Royal Societies of London and 
Edinburgh; and from its commonooment, in 1818, was annually 
eleotod President of tho Institution of Civil Engineers. His 
gradual rise to tho summit of his profession is to be ascribed, 
not more to his genius, his consummate ability and persevering 
industry, than to his plain, honest, straightforward dealing, 
and the integrity and csindonr which marked his oharanter 
throughout life. He died unmarried, at his house in Abingdon 
Street, Westminster, on tho 2nd of September, 1834, and was 
buried in WestmiUstor Abbey. 


TECHNICAL DRAWING.—LXVI. 

DRAWING FOB BBICKLAYTSBS. 

When tho soil on whioh aibnilding is to bo erected is very soft 
or swampy for a considerable depth below the surface, which is 
tho worst kind of foundation that eon occur, it has been nsual 
to soouro the base of the woUs 'by a wooden grating or platform 
of tbo nature described in the last lesson, but supported upon 
strong piles of a length sufficient to penetrate into harder soil, 
and acquire a fixture toere, and whioh are driven until they will 
go no deeper. Snob piles are usually shod with iron, and ore 
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driven at intervals of three or four feet apart. There ought to 
bo at least two rows of piles under tho foundation of every^ 
wall, os in tho example shown in Fig. 531, so that every pair c.f 
piles snppoft a transverse sleeper. 

Less than two rows of pihM would not give sufficient stability 
to tho wall oven of a common building. More than two rows, or 
threo at the ntmost, can only be required for tho foundation of 
very substantial masses of masonry, such us revetments, vrhnif 
walls, etc. 

Tho principle of tho stability derived from a piled foundation 
is thus described by Sir Charles Pasley:—“By the laws of 
moebanies the force of i)orou.ssion greatly exceeds that of simple 
pressure by dead weight: and in the pile-engines used in this 
country tlio ram (sometimes called the ‘ monkey ’)—that is, tho 
weight 1;.’ wlii'-h the pile is driven—falls upon tho head of it 



from a considerable height, whioh gj-eatly inereaaes the ciSect afi 
oompari'd with tlio old system of pile-driving still used iibrend, 
in whioh tho ram is not lulsod more than four or five feet. 
Now tho momentum of ten or twelve hundredweight, a comiBOTi 
weight for the ram of a pile-engine, falling frem the height of 
fifteen or twenty to tliirty feet, produces a greatiT eifect than 
tho dead weight of any common mass of buihling; hence, if a 
pile be driven by such an engine until it eon go no further, there 
can bo little risk of the foundation giving way afterwards in 
oonsoqnonco of tho mere pressnro of the walls.” 

Foundations built on piles arc, however, liable to f^ure, first, 
from tho piles losing their original position in conseqnonoe of 
tho soft ground offering too little resistance against a lateral 
movement, so that tho walls built on them may have a tend«noy 
to faU over. The different forms of wooden and iron piles, tho 
pile-driving machine, and the steam pile driver are described in 
lessons in “ Building CoHiitruotion," Tecrnicau* EdOKatob, 
Vol. I., page 57. 
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In order to gnwd ajrainst this evil, tiie piles for walls are I offset of tlio footings terminates. This third chain timber is 
sometimes driTen obliqaelji so as to dirergro at bottom', and I also shown in the example, and it will bo evident that iiie three 


tbose espeeiolly for leaning revetments or for the abutments of 
bridges may be driven in such obliqne direetions as to oppose 
the greatest resistance to the nneqnal pressure, which acts 
chiefly on one side of the wall, 

Se^dly, a failure may arise from wooden piles rotting or 
'being corded by worms in prooess of timo, the former of 
whioh evils is almost sure to ooour in foundations alternately 
wet and dry. Fortunately, the kind of soil where piles are most 
required is that where water is found a little below the surface; 
and if the woodwork bo kept 
at suoh a level as always to re¬ 
main wot, there is little or no 
risk of its decaying by rot. The 
perfect state in which trees have 
been found aftor the lapso of 
many centuries is well known. 

A few years ago, on throw¬ 
ing two arches of lloohoster 
Bridge into one, the piles of the 
intermediate pier, which must 
have been there for sevoml cen¬ 
turies, were taken up perfectly 
sound. 

Reverting to the system of 
wooden platforms in founda¬ 
tions, they arc of course liable 
to decay in process of timo 
under most circumstances. 

Now, since the uniform thick¬ 
ness of snob platforms cannot 
exceed a few inches, this kind 
of failure taking place after the 
building baa become completely 
consolidated, will not bo at¬ 
tended with those injnrions 
consequences whioh would arise 
from thedocayof a piledfonndop 
tion. 'Still, it is desirable to 
avoid using oontiuuous plank¬ 
ing, and to employ a couple of 
parallel longitudinal timbers for 
the same purpose, laid at a 
suffloient interval apart, whioh, 
when surrounded by briokwork 
or masonry, are colled chwin 
timbers. 

Those are shown in Fig. 532, 
in which is shown a section of 
a portion of one of the walls 
of the buildings in Lanoaster 
Place, adjoining Waterloo 
Bridge, London. In this illus¬ 
tration, whioh will bo further 
described presently, two paral¬ 
lel chain timbers are seen in 
section. Those, which are in 
thieknesB abont equal ta the 
height of four courses of briok¬ 
work, are laid upon tranavorso 
Bleepers placed parallel to each l^ig- 532. 

other at certain intervals. 

a In this arrangement it will bo evident that in the event of the ' 
woodwork decaying, the base of the wall will have a suffloient 
and aoUd footing on the natural ground or on the surface whioh 
has been prepared for it to rest on; for the interaeoting cavities 





in the brickwork occasioned by the rotting of the timbw are too ' uppermost storey of the bouse. 

___ee je 4 _ _ _ j. j. _ • ■ . .. . . • ■ > ..... .. . w • 


combined will produce nearly the same favourable effect in ihe 
first instance as a continnod plonking, but without being Bable 
to auy of its inoonveniences. 

The buildings referred to are founded in very bad soil, whioh 
proved on examination to have consisted origin^y of soft mud, 
but which was intersected in all directions by the remains of 
the foundations of old honsos and wharves. Trsnohes hariitg 
been cut to a jiufficient depth and width along the proposed 
lino of the new foundations, fr^monts of the old walls were laid 

therein as regularly as possible, 
in the same manner as large flat 
stones might have been used. 
These were well sluiced with 
water, then mixed with grouted 
gravel,* and rammed down flat; 
the work being thus continued 
until the fragments allnded 
to were expended. Then the 
Tuugb foun^tion was continned 
to the proposed fooling of the 
briokwork with grouted gravel 
alone, and at that level trans¬ 
verse sleepers wore used at inter¬ 
val s of about four feet apart 
(all under piots, none under the 
position of doors or windows), 
upon whioh wore laid two longi- 
tndinal chain timbers of the 
thickness of four courses, com¬ 
pletely surrounded by the brick, 
hnt immediately under, and 
flush with what was intended to 
be the exposed surface of the 
principal wall of the building 
after the work shonld be raiaod 
to a certain height; and a few 
foot higher, opposite to the top 
of the uppormo.st offset of the 
brick footing, a third chain tim¬ 
ber of the same scantling was 
bedded in the middle of the wall. 
Thus those throe chain timbers 
combined cover a space of not 
less than 2 feet 3 inches wide, 
being equal to the thickness of 
a throe-brick wall, and this ar¬ 
rangement isoontinned through¬ 
out the whole extent both of the 
external and cross or party wall 
of that row of buildings. 

The foundation horedosoribed 
is everywhere 8 foot wide, and 
of the same average depth. The 
brick footings have a base of 5.J 
bricks, whioh, by four snocessive 
offsets on each side at intervalB 
of three courses apart, di¬ 
minishes at the height of 3 feet 
to 3.} bricks, which is the thick- 
ness of the ^nt and back walla 
of the lowest storeys of the 
buildings, whioh arc vaulted and used as stables or stores. 
Over this the walls of the basement floor, and the inhabited 
port of those buildings, are 3 bricks thick, which dimension is 
gradually diminished by succeasive offsots to li bricks in the 


small in themselves, and at too great intervals apart, to injure 
the stability of the'briokwork. 

It will be nndentood that the obain timbers whioh extend all 
ronnd th# building, and whioh therefore must be in several 
pieoU) ase firmly connected at the ends by scarfing or otherwise, 
and they are pinned down to the sleepers on whioh they lie. A 
third e^dn timber is also used, not cm the same level with the 
othwa, in vhiah ease it might weaken the wall too much, W 
in the^d^ of the thickness of the wall, two or three feet 
higher vfi, as, for instance, at tht part where the uppermost 


I The height from tho top of the brick footing to the coping of 
I the parapets in front and rear is not less than 88 feet, to which, 

! adding the footings and foundation,^it appears that there is a 
i mass of briokwork, rough masonry, and grouting nearly 100 feet 
j in height—that is, on the side nearest tho river. 

I • GrvM. A thin semi-Uqaid mortar, oompoied of quiek-Ume and 
I fine annd and gravel, whi^ is pOnted into tiie internal Jointe of 
I masonry; it ie partlonlarly uted where the work consista of large 
I strOBes. The prooess ie oalled " grouting," 
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SHIP-BUILDING._X 11 . section, so that little cate is needed in fitting them; while all 

the advantages of lap-joints, as respects saving in riveting, 
BY w. H. ’WHITE, weight, eto., are obtained, llie fact that this plan has been f 

Fellow et the Bofsl School of Naval Aichiteoture, and Uemhsr of the go genetsllF adopted furnishes snlBaisnt evidence of its supe- 
Institution of Naval Architects. riority to the two preceding plane. 

THE SKINS OP IBON SHIPS. lie fourth section, d, represents a plan of plating which has 

In onr remarks on this subject it will be desirable to follow the not been much used, but possesses some advantages. It is 
same order as was followed in describing the skins of wood and usually known as "Lamb’s Patent," but there is reason to 
oomposite ships; the arrangement or disposition of the plates believe that it had been suggested previously to the date when 
being first considered, and afterwards their fastenings. this patent was obtained. All the strakes of plating are worked 

The outside surface of a wood ship's bottom is flush, and in directly upon the frame angle-irons, liners being entirely dis- 
some of the early iron vessels the plating was 
also made flush by means of the plan illus¬ 
trated (in section) by a in Fig, 34. It will be 
observ^ that the edges of adjacent strakes 
of plating are connected by narrow plates or 
strips, fitted inside them, and riveted to each. 

The strips being made oontinnons in a longi¬ 
tudinal sense, it was impossible to fit the plating 
directly upon the frame angle-irons, and it be¬ 
came neoessary to fill in the spaces between 
the plates and the frames with pieces of iron, 
termed “ liners ;" these are shaded across in 
the section for the sake of distinction from 
the plating and strips. A flush outer surface 
was thus obtained, but at considorablo cost. 

The liners, for nzamplo, taken together 
amounted to a oonsidorabie weight, and added 
nothing to the strength of the hull. Then, 
again, the foot that the edges of the plates were 
flush-jointed, necessitated more care in fitting 
them and caulking them, than would have been 
needed if lap-joints hod boon used; besides 
which tiro amount of riveting required in the 
edge-fastenings was double that needed for 
lap-joints. In fact, the plan was wanting in economy of material longitudinally, and others to work theuf diagonally. The latter 
and workmanship, and it gave place to others very soon ; it proposal, it need hardly be said, is based upon an entire miaoon- 
haa, however, been ogaiu used in a few ships built recently on oeption of the effioienoy of the skins of iron ships. The nse of 
the Tyne. two thioknesses of plating is confined in most vessels to a few 

The section marked h in Fig. 34 shows the " clinker" plan strokes which are situated in critical parts of the structure 
of plating, which was formerly much used in iron ship-building, where exceptional strength is required; and so fax as wo are 
the aamo being derived from the resemblance of the plan to aware the only instance of the more extended nse of the 
that followed in planking wood boats and small vessels. Here plan, is found in the skin-plating behind the armour of our iron- 
the upper edge of each stroke is fitted directly upon the frame olads, illustrated in Figs. 24—26, page 224. In these vessels 
angle-irons, and is overlapped by the lower edge of the adjacent the double thiokneae is used to giro greater resisting power 
atmke. AU the edges are therefore lap-jointod, and a oonsider- to the target formed by the ship’s side, rather thnu as a 
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Fig. 34. 


pensed 'with, and their weight saved. The 
flush edge-joints are then seoo^ by oontinnons 
strips, resembling those fitted in section a, but 
worked outside instead of inside the plaSbiag. 
Of course, this arrangement necessitates twice 
as many rivets being used for edge-fastenings 
as are required in either the clinker plan,, or 
the in-and-out system ; and it also requires the' 
edge-strips to be twice as broad as the laps, 
thus adding a weight which probably exceeds 
that saved on the linen. On the other hand, 
the later plan posseBses soma advantage in 
simplidty, and the directness of oonnection 
between the plating and tho frames; it entirely 
does away i^o with the neoessity for using 
liners that do not oontribute strength to the 
huU. Hitherto, however, ship-bnildors prefer 
the in-and-ont plan, and do not seem inclined 
to nse tho other. 

Many plans besides the preceding have been 
proposed, but have not found favour. The use 
of 'two thicknesses of plating for the skins of 
iron ships has been repeatedly patented, some 
parsons preferring to work both thicknesses 
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able saving in weight and cost of workmanship was oon- 
seqnently effected, as compared with tho flush-jointed plan, 
liners were still required, however, to each strako, and they 
win be seen to be triangular or tapering in section; thus 
needing to bo specially shaped in order to properly fit the 
spaoes between the plating and the frames; whereas on tho 
other plan the liners were of parallel soction, and could bo out 
firom plates. , 

The next section, c, represents the arrangement now used 
almost 'oni'versaUy, in piling iron ships. Alternate strakes 
are worked direotly upon the frame angle-irons, and ore termed 
" inner" or " suikon " strokes. Tbe intermediate strakes 
overlap 'the inner strakes at both edges, and are known as 
“ outer " or " raised ’’ strakes. liners are thus required only 
to one-half the strokes, and at the same time are of parallel 


means of adding to the strength of tho ship considered as* 
a girder. 

Other inventors have proposed to substitute special forms of 
plating for the plain sheets, or plates, generally employed. 

“ Corrugated ’’ plating has been advocated by some; “ trough- 
shaped ’’ plates by others ; and still more singular forma that 
need not be mentioned. Against all these plans the great 
objection lies that they would necessitate considerable outlay 
on the mere pr^m-aiion of the ploting, besidt« oans&g more 
difficulty in its oombination- In fact, ship-builders have unani¬ 
mously declared in favour of tho plain sheet-iron, which can 
be rolled with ease, and most efficiently ooiubinod; and this 
preference receives considorablo support from the fact that the 
progress of the iron manufacture now enables muglr br(jader 
I and larger plates to be procured than could formerly bo 
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obtained. Twenty yeaors ago the platea oommonly used were 
not more than 2 foot broad and 7 or 8 feet long; and now 
*^platoR mote than twice as broad and twice aa long can bo rolled 
without difBiiulty, and arc often need. 

Attention will next be directed to the shifta of bntte usnally 
adopted for the plating of iron ehipe, examples of which are 
given in Figa. 35- -38. Before deaoribing these, howovor, it is 
proper to remark thatihe butts of skin-plating are not necos- 
■arily sources of weakness, while the butts of, an ordinary wood 
ship’s planking aro unavoidably so. The plating is, as wo have 
soon, pierced at each frame angle-iron by rows of rivot-holns, 
and thus weakened soctions aro produced. If the ship-builder, 
therefore, can make the sections of the plating at the butts 
as strong as the unavoidably weakened sections at the frames, 
ho will have done all that is needed, and the butts will not be 
sources of weakness. This result may be attained by means 
of well-arranged and well-fastened butt-straps, as wo shall 
show hereafter; and so a closer approximation to uniformity 
of strength may bo mode than is possible in the skin of a wood 
ship. At a section jiassing tlirongh a lino of butts in the 
latter, every fourth (or butted) stroke may be regarded as 
practically ineffective against tensile strains; whereas in an 
iron skin the butted strokes can bo made os efficient as need 
be against both tensile and compressive strains. Consequently 
the iron ship-builder has a greater freedom than tbo wood ship¬ 
builder in disposing the butts of the skin; but he must exercise 
great care if he would folly develop the oapabilitieE of the 
iron. Nut only has ho to consider the relative positions of 
the butts of the various strakes of plating, but also their 
positions relatively to the longitudinal frames or strongthen- 
ings; and a neglect of the latter consideration has in some 
coses caused serious weakness in ships otherwise well built. 

In tbo sketches illustrating the various shifts of butts, tlie 
dotted vortical lines represent the stations of the frames, and 
the drawn vortical lines represent the butts of the strakes of 
plating, of which the horizontal lines show the edges. The 
first disposition, in Fig. 35, lias only one passing strako between 
oonsecutivo butts, and is termed the “ briok ” arrangement, 
from its simUarity to the method of laying bricks in building 
walls, etc. It was formerly much used, and was not ill adapted 
to the short lengths of plating then proourablo; it has, how¬ 
ever, now given place fto a large extent) to the arrangement 
shown in Fig. 3(>, termed the “ diagonal ” plan, where there aro 
two passing strokes between oonsooutive butts. In this arrange¬ 
ment it will be remarked that the butts of adjacent strakes 
form ” stops,” similar to those which wood ship-builders aro so 
careful to avoid in arranging the butts of tho outside plonking ; 
and it m.ay be ronuirkod that so long a.s a minimum shift of 
from three to four feet is secured between adjacent butts, iron 
ship-builders do not consider it essential to avoid snch stops. 
Tho third arrangement, in Fig. 37, gives three passing strakes 
between consecutive butts, and is identical in principlo with 
tho ordinary siiift of butts in tho planking of wood ships, 
illustrated by Fig. 27, jmge 25(i. It is not very oommonly used, 
hnt is well sailed to cases whore tho plates employed aro from 
14 to Itifoet in length. Fig. 38 shows/our passing ^trakes 
between consecutive butts, and is much used in the oonstruelion 
of merchant vc-ssols. Unlike the plan in Fig. 37, it lends itself 
readily to the use of plates 9 or 10 feet long, and yet gives as 
great a minimum shift between adjacent butts. 

Tho ship-buildoT would bo mainly guided in his choice of tho 
ahift of bults by tho lengths of plates he proposes to use, 
and in fixing tho latter purticnlar would naturally have regard 
\,io the relative cost of plates of moderate or of groat lon^h. 
Suppose, for example, .i private builder had ountmetod to 
build a ship to be classed at Lloyd’s. . Ho would meet all tho 
requirements of the llule.s by adojjting tho shift of butts in 
Pig. 38, and yet not require lengths of plates exceeding 10 feet; 
whereas with the shift of butts in Fig. 37 ho would require 
plates 14 feet long. Now the shorter plates would also be 
procurable at tho cheaper rate per ton, and it would con- 
sequeutl^' be to the boilder'a advantage to use them, although 
the number of butts in the skin would be made greater in 
ooneequottoo. In another pai>er wo huiie to illustrate the close 
eoaaeotion that should oxi)t between the shift of butts a^d the 
ohatrAoter of the butt-fastenings; but for the present it mnst^ 
Baffin to mention the obvious truth, that by increasing the' 
iqilliwr 'di'passing strakes between consecutive butts A de-; 


creased amount of fastening will give the strength required to 
tho baits. 

The term “ outside plating ” is applied to tho whole skinfrom 
keel to gunwale. The garboard strokes, coming next the keel, 
are usually thicker than the remainder of tho plating; and tho 
” sheer-strakes,” coming in wake of tho uppor-dook beams, are 
also thicker by or ^ of an inob than tho plating on tho sides, 
down to the turn of tho bilge. The pitting from this point in to 
the garboords is sometimes distinguished as “bottom plating,” 
and is generally about ^ of an inoh thinner than the garbooris. 
.Some bmldors, however, use plating of nniform thioknesa over the 
whole space between the garboords and tho sheer-strake. The 
“ bilgo-strakes ” neair the turn of the bUge nsually hare oon- 
siderable onrvataro in a transverse sense, and are so made 
specially efficient, even when unstiffened by framing, against 
buckling under longitudinal strains. When additionaJ longi¬ 
tudinal strength is required, one very common way of obtaining 
it is by doubling tho shoor and bilge strakes, by moans of 
another thickness of plating worked upon them, and having ike 
butts carefully strapped and shifted from those of the plating 
on whioh the doubling plates are fitted. 

The plates used have their maximum breadth and ihieknoss 
at tho midship sootion. As the girth of transverse sections 
rapidly diminishes towards the extremities, the breodtlis of the 
individual strakes have to be diminished also, and some of tbo 
strakes often have to be stopped short of tho stem. A similar 
arrangement has froqnoutly to be adoptcid with strakes of 
planking in wood ships, and in both oases the strako abutted is 
termed a “ stealer.” Beyond tlio end of tho stealer the two 
strakes whioh were adjacent to it on the midship section are 
broadened, so as to occupy the space that would otherwise bo 
left vacant. In the case of a wood ship this can easily bo done, 
but in an iron ship special dovinos are needed in order to pro¬ 
perly secure and caulk tho butt of the stealer. The tlucknessos 
of tho plates arc also usnally diminishod towards tho extremities 
by ^ or J of an inch ; it being considered that the strength 
required at those parts is much less than that needed amidships. 
Allusion having already been mode to tbe discussions that 
have taken place on this qnnstion of reduction in the scantlings 
at tho extremities, we need only odd that hitherto no definite 
conclusion has been reached, practical experience and tho 
requirements of looal strength having far more weight than 
purely theoretical oonsidorations. 

BUILDERS’ QUANTITIES AND MEASURE¬ 
MENTS.—XL 

BT B. WYNDHAK TAKN, M.A. 

JOIHKBY AHD XEONKONGEET (continufd). 

We now proceed with the measurement of work done by joiner ' 
and ironmonger's fittings which was commenced in the lost 
number. 

uKotmD rtooE. 

IS 0 I I 1 j in. tongned batten floor, 

12 0 180 0 I with iron tongues. 


2) 4 0 Add recess. 

0 0 0 0 


0 0 I Add bay window. 

2 0 13 0 I 


3 3 Add door. 

0 0 2 5 

201 5 

3 6 Bdet. hearth. 

1 0 5 3 . 

190 2 <■' 

7 0 ..7 0 Ij in. mitred border. 


43 0 li In. motddd. and rebd. 

13 S3 0 skirting in 2 heights. 
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No. 10 tongued and mitred angles to skirting. j 

43 0 

43 0 

1 in. skirting grouudsi 



plugged. 

6 6 


Solid oalc frattiM, robd. and 

5 6 

0 

mo., 4" X 8", with mullion 



and transom, mitred and 
beadd. sill, 2 in. lamb’s- 
iouguo cttsemeut, oiroular 



on plan fmcosured nett), 


. 

,} in. riso. 

No. 2 pr. 2 in. brass b, and s. 

2 brass easement fastge. 

„ 2 brass hook and oye. 

6 6 


14 in. 2 panl. bd. flush and 

S G 

35 9 

8c(re. shutters, bg. with 



brass pulleys, pat. lines, 
lead wts. 

13 0 

13 0 

Ciroov.' for beads. 

' ' ■ 

, 


No. 1 brass lliumbt$ort'w 

and i>lfttf.s. 

«> 

2 brass sk. ilush | 

6 0 


:l in. inithory. flap. 

0 4 

(» .1 


No. 1 pr. 

^ in. brnss b. and s. 

1 br:iss ilufali rin^. 

5 6 


14 in. 2 pi. mo. window back. 

1 6 

t> 3 

23 0 


I in. fr.anid. and bdd. grounds. 

0 5 

t» 7 


23 C 

23 G 

i {iu.areli.mouldg,8Aiu.wide. 

25 0 

23 0 

1 in. ]dcturo pounds, w , 

—- 



7 0 


2 in. deal 4 pi. mo., b. s 

3 3 

22 9 

door. 

17 0 


Zh .11 framed lioint^. 

1 3 

21 n 

2 >1. ...iiuJjs, 1 pi. soffit, 

— 


iiaoulded and <lLle, rubd. 

18 3 


1 in. framed ground. 

0 5 

\ f t 


19 0 

f) 

Ij in arch, mo., 3.1 iu. v. 

pr. 4-in brass b. and s. 1 G-iu. 

3 bolt IU mortise Io':k, and 

china furniture. 


pr. china flngcr plates. 


7 6 


2j in. O'.Jc 6 pi. bolcction 

3 6 

2(i J 

mouldd. b. s. door, lower 

— 


p.tTK'Is l»r».\d llusdi 1 s. 

3 6 


,* in. oa'r ov. fauli^bt, ciren- 

2 0 

7 0 

Lir lioiid. 

1.5 0 

15 0 

T, in. aiili. mo., 3.A in. w. 

6 6 

M (i 

I>itlo fjrcidtir. 

— 



No. 1 lO.in, draw-back lock. 

1 patfnt latch. 

S tjsciitchooua. 1 pr. 5-in. hma^ b. and s. 

„ 2 10-in. brass barrel bolts. 

1 brass rack cbain. 

6 6 


PI. cns'ul fTtimc, oak dble. 

4 0 

29 *.i 

snulr, weatbd. and throatd. 



sill, 2 iu. or. satibos, dble. 
hg, brass pulleys, patent 
lines, 1. wts. 

C 8 


in. mo. and l)d, flaih" 

1 2 

15 2 

foldg. shutten, panels in 


2) 6 C 

1 0 


17 C 
0 7 


2) 


13 6 

0 9 


1 S 

a 3 


1 0 


i;: 0 


10 ■: 


19 3 


4 'I 


l| iu. Iti. fl. aud scire, back 

flttl>£i. 


1.} in. proper l>oxi»gs. 


/ 


1 In. plain bock linings, 
tougueil. 


14 in. mooldd. 1 pi. windonr 
tiack. 


4 in. capping. 

I in. plain elbows, lebiL 


No. 2 elbow caps. 2 soffits to boxings. 1 br.i8S sasb fastening. 1 
w, i. slmttCT bur and plates, .3 ft. long. 2 jir, 2 in b. and s,. 
2 pr. 1^ in. back-flap hinges and s. 


1 in. fxamd. grounds. 


2'J G I 1 iu. arch, mo., 2j w. 


1 in. inaliog 3 '. fmin. sent and 
II It I riser, Fr pold. 


Mold, nosings tc ditto. 


1 in. mabogy. beadd. flap and 
6 2 I frauiii, Kr puld. 


7 0 I ?, in. iniibogy. ‘■i.ro. skirig., 

' in. w., ditto. 

No, 1 bole cut and dishod. 1 bcadd, hund-Jiolo, 

„ 2 Tonudd comers to slcirtincr. 1 pr. lA iu. bnass b. and s. 

„ 1 4'in. quarter round niahuyy shelf, 9'^ x 9", on cbanifd. fillets. 


2.1 0 

0 .'i 


23 C 


.1 6 


3 G 


;i G 
1 9 


2 heights. 


7 3 
J C 


7 0 
0 9 


I 


Is 


2 in. dl. damped dresser topi 


2 ) 0 
0 G 


jMo. 2 rounded remors to didu. 

J j in. beiidd. front to dresser. 


1 iu. beadd, drawer fronts. 


2> 


7 « 
0 G 


9 0 


2) •• i 

0 H 


12 C 


7 0 

3 d 


12 r. 


37 d 


4 in. dl. doretailed s.deB tr. 
drawers. 


Ditto tougued bott om. ^ 

BunncTS. 

1in cuds to dresser. 

Wrot. and franid. kgs .“4 in. 

.iqm. 


1 in, pot board. 
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13 

0 

0 

4 

6 

0 

0 

9 

7 

0 

0 » 

21 

0 

7 

0 


N< 

S> 

6 

7 

0 

7 

0 

2 

6 

7 

0 

s 

C 


IS 

0 

9 

6 

2 

0 

2 

6 

2 

0 

9 

C 

2 

6 

14 

C 

3 

0 

14 

0 

1 

0 

14 

c 

0 

4 

1C 

0 

1 0 

1.3 

2 

8 

0 

8 

6 

3 

0 

C 

0 

e 0 

tfo. 

3 

0 

11 

4 

• 8 

Oi 


i 0 

7 6 

15 6 
31 0 

7 0 


1 iu. riser. 


Ij in. cut and dlmd. stan¬ 
dards. 


in. BheU. 


Groove. 


^ iu. stop. 


, 8 doz. brass liooks. 4 obouj’ drawer knobs. 

2^ in. mahogjr. lamb’s-tonguo 
shop sasbcs. 


CG G 


17 0 


24 6 


01tto oixculor, quick. 


2 ill. ditto astragal and hollow 
folding Basil doors, dimd. 
stiles, lower panels, mu. 
and bd. flush. 


I pair patent swing centres. 4 brass handles. 
13 0 


19 0 

5 0 

9 8 

2 6 

43 6 

21 8 

4 19 

24 0 

195 4 

2 '. 8 

6 0 

C 0 


Mahoay beodd. door frame, 
3" x 3". 

1 ] in. dl. mo. and Sqro, stall 
board. 


Ditto circular on plan, quick. 


Mouldd. edge, 4 in. girt, to 
stall board. 

Ditto circr. on plan, ditto. 


Cradling to entablature, 
ploughed and tongued 
blockiugs. 

1 in. dl. keyed frieze, joints 
feather toiigued,loweruilga 
rebd. for soffit. • 

1 iu. cebd. soffit. 


Dl. mould, comice. * 


Uevolviug wood shutter with 
worm and wheel gearing. 


1^ iu. mahogy. counter top, 
glued and blocked. 


Mortised clamps to countor- 
top. 


Heading joint. 


. fitting and hanging flap. I pr. 2 iu. braes b. and s. 

I mitres. 

3 0 * Wrot, and chamfd. mahogv. 

fillet. 

1 in. mahogy. framd, front, 
34 6 I mud. and sqre. 


SOLDIEBING.—IV. 

BT A STATF OFFICES. 

EQUIPMENT ASMS (eontimud}—ABTILDEBY. 

In speaking of the “ big guns,” as they oxe usually called, I said 
that we might include among them all pieoos larger than those 
which a man can carry. The large gone are, howerer, again 
subdivided into several olaeses, ea^ implying some distinotiTe 
charaoter in the organisation with wluoh it is connected. 
Thus we have, first of all, the broad distinotion between the 
“field artillery’’ and the “garrison artillery.” The formeroom- 
prisoB all those gone which accompany an army in its move¬ 
ments in a campaign and in battle; the latter comprises those 
which are too large and heavy to be so used. The field artillery 
is again subdivided into “ horse artillery,” “ field batteries,’’ 

“position batteries,’’ and “mountain batteries.” The horse 
artillery is intended to act with and support cavalry, with 
which it has therefore to be trained. The field batteries are 
the special support of tho infantry. They also, however, nsnally 
form tho main bulk of the artillery as an arm of the servioe in 
the field. It is, thoroforo, on error to lay it down as an axiom 
or point to start from *in discussing their charaotor, that they 
are intended to work with infantry. Every arm of the service 
is intended to do it 4 port in ooutribnting os much as possible to 
the efficiency of the whole. Wo shall, therefore, consider in due 
time how far their equipment determines for the field batteries 
what that part is. At present wo mnet be content with noting 
tho reason for tho broad distinction between the horse orldllery 
and the field battorics. 

Wo require to have certain grnns which can move with 
and support cavalry. As those guns must be able often to 
bo moved at a gallop for great distances, and at all tunes 
at tho same rate as cavalry ordinarily moves, it is clear that 
they must not bo very heavy. Moreover, with these weapons 
there is another difficolty in very much increasing the size of 
the piece; for as the gun is made larger, the ammunition you 
have to cany with it becomes vapidly much heavier in propor¬ 
tion to the number of rounds. As, therefore, wo oannot afford 
very much to diminish the number, we must on this aooonnt 
also restrict the size of the gun wliiiffi is specially intended to 
acnompany the cavalry. 

But we want also to have with ns, in a condition to bo used 
08 effectively as possible, the heaviest guns we con get. More¬ 
over, we wont to be able to place these just where they will 
be most effeotive, and, time being always of value, to place them 
there as rapidly as possible. Now it is quite possible for a 
gnn to be moved very rapidly about which would yet be alto¬ 
gether too heavy itself, and would require too heavy ammuni¬ 
tion, to fulfil the oondition of moving with oavalry. This has 
led to the formation of the “ field batteries.” 

Once more, it is quite possible that though a gun may be too 
heavy to be moved rapidly about tho field and put just in the 
positions in which it is wanted at every moment, yet that if we 
once know where the really decisive point was, a few such very 
heavy pieces might be moved up thither. Now as very heavy 
guns produce an immensely greater effect, both physioal and 
moral, than the lighter kinds, it is well worth while to have, for 
the special purpose of being brought up to the most desirable 
point at tho most decisive moment, a certain number of euoh 
guns. This consideration has led to the formation of 
“ batteries of position.” 

The purpose for which “ mountain batterms ” have been 
formed is sufficiently indicated by the name. Obviously a gun 
miut be of very light construction which is intended to be ^le 
to oooompany the army by any mountain foot-path. 

In general, the means by which the several degrees in the need 
of free movement of the different classes of guns (with the excep¬ 
tion of the mountain gun) is met, is by an employment of horses 
adapted to the work required. So essential to both the horse 
artillery and the field batteries is rapidity of movement thattiie 
horse is almoat as much oh elemant in their actual fighting 
equipment os he is with ihe cavalry. The extreme importanoe 
of good horsemanship for the artilh^ requires some explanation. 

A gun oannot be fired whilst it is being transferred from place to 
^lace. The gun always travels with its book port or “ breech ” 
towards the horsee* heads. It has to be “ unlimbered,’’ oe it is 
called—that is, unhooked and turned rdtmd—^before it can be 
loaded, pointed and fired. Moreover, oe the distance is very « 
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_ conaulonble at wbioh artiUeiy always opens fire, that distance 
can only be gnessed yery roughly, A trial shot at least, if not 
mote, has to be expended before a snfficiently accurate cslamate 
can bo made of the range or distance of the object aimed at. 
Hence eyety moyement made by artillery from place to place 
represents a serions loss of power, due less to the distance 
moved oyer than to the number of moves. Moreover, if a 
thoronghly good commanding position has been taken up at 
drat, the artillery gains little by being only rather nearer to the 
enemy. To^ the infantry orory advance is a clear gain, both in 
the effect with which tboir fire can be brought to bear, and in 
their approaching nearer for the final rush. The artillery, on 
the other hand, if they can fairly see what they are firing at, 
can modify the distance at which their shot strikes, within such 
a very wide margin, that it is not worth while for them to move, 
except over a considerable distance. Novortholess, very distant 
artillery fire is never very offoctive. It is in the comparatiyely 
close firing, whore the effect of every shot can bo seen, thot the 
power of artillery comes out in ail its deodlineas. Artillery 
oonnot bo too close, provided it is just out of effective infantry 
range, and in a good position. 

At the beginning of an action, moreover, the artillery is 
usually pushed forward into the most advanced positions which 
have boon already seonred by small bodies of the infantry. This 
is done in order that the two points in which it is superior in 
its fire to the infantry—its long range and weight of iirojectilc— 
may bo made to tell with their full effect on the enemy’s position 
before the infantry moves forward to the attack. Hut as tho 
ortillory firo from those first positions begins to take effect, tho 
enemy’s fire slackens and tho infantry is able to advance. The 
infantry thus secures positions from which the artillery can act 
with for greater effect. It is then that the artillery has to be 
moved at great risk raiiidly and boldly forward. Hence, for the 
field batteries, which are the porti<m of tho artillery mainly 
concerned in bringing crushing lire to bear on tho enemy’s 
position, the two groat necessities arc, as they arc also for the 
horse artiUoiy, rapidity and facility of movement:—tho one, in 
order that as shori a time as possible may be wasted in tlio in- 
uffeotive period of advaneo, and that the guns may bo allowed 
to remain a long time at the same spat, yet be brought up at 
the moment when they are wanted to a new one; the other, 
in order that tho positions selected for the guns may be chosen 
so BO to obtain the most effective fire, and that wherever such 
considerations would suggest that guns ought to go there they 
may he able to go. Now, those two necossitioa of rapidity and 
faeiliiy of movement can only bo provided for by having the 
horses in the highest possible condition, and both horses and 
men trained in the highest possible degroo. 

Thus the horse, though he does not with the nrtillery aid os 
ho does in the cavalry in the actual blow by which the powi.>r of 
the weapon is made to lell, is yet so intimately ooneernod in 
paving the way for each successful effort of tho guns, that he ia 
ae essential on element in the fighting power of a battery ns ho 
is in that of a squadron. 

There are six horses to each gnn, and of these the throe on the 
left-hand or near eido are ridden postilion fashion by throe men, 
eodh of whom also drives tho horse beside him. Two gunners 
sit immediately behind the horses on tho front of the gun- 
oarriage, This front oonsists of two boxes, each carrying am¬ 
munition, i.e., shell and cartridges; solid shot being never 
earned by artUleiry in the field. (For the different classes of eheU 
carried see tho papers on “Weapons of War.’’) Each front of a 
gna-oarrioge is thus a email field magazino for the supply of its 
own gnn with ammunition. The whole gun-oarriage when put to¬ 
gether forms a four-wheeled vehicle, 'l^en the gun is jnhooked, 
the front port, or “ Umber,” forms a twe-wheeled cart carrying 
the ammnnition-hoxeB. The gun when unhooked rests partly on 
the axle-tree arms of the otiier two wheels, and partly on the 
point or end of a solid Uook of wood called the “ trail,” which 
rapports the bed on whirii the gnn rests. When the gnn is 
thus in notion the end of tUs rests on the groimd. b 
order to hook the gnn on to its osniage, the end of the tnul, 
whirii oonsists of a solid iron eye, fiastras into a soUd iron hook 
at the book of the “ limber.” After the gnn ^ been unhooked 
it nau he moved by hand for oonsidenble distanoes, if a snffl- 
oient munber of men are available to work it, and the ground is 
not veiy heavy. TT>e trail is lifted by three men, while as many 
vothen ns a» available wwk the gnn forward by poshing at tho 


spokes of the wheels. This explanation applies both to the 
horee ariallery gun and to that of the field batteries. Each, too, a 
has a wagon attendant npon the gnn. This wagon consists ' 
of a limber exactly similar to that of the gnn-oarriage, aiid^ 

“ wagon body.” The latter is a.sort of double limber, haring 
fonr ammnnition-boxes instead of two. The whole wagon 
forme a four-wheeled oarriage. The wagon body hooks on to 
its Umber jnst in the same way os the gnn hooks on to its 
Umber. The Umber of the wagon oan, as soon as the ammuni¬ 
tion in that of tho gnn is oxhanstod, move up and take its place 
whilst the Umber of the gnn is being re-filled from the body of 
tho wagon. 

It is essential that tho wagon should be placed as com¬ 
pletely out of dimgor of being struok by one of the enemy’s 
shells as it oan possibly be; for there is no object whatever 
in tho wagon being exposed to the same extent to which the 
gun must often bo to tho enemy’s artillery. The gnn has 
its position selected quite as much with a view to enable it to 
firo with effect as to be itself safe. The wagon cannot fire 
at all. It has no moans of acting whatever by itself, being 
simply a magazine of ammunition. Its size is very much greater, 
and therefore affords a very much more conspicuous inaik than 
the gnn when tho latter ia in action. For the wngon rcn/ti'ins 
with its limber attached to it and all tho horses hooked into tho 
limber, while tho horses and Umber of the gnu ore taken out 
and sent to tho nearest oenvonient i)rolccti( n. Above all. if 
the gnn is struck by a sheU, it does not at all follow that any 
irropamblo injury is done to it; if the wagon is stmek by £v<n 
a largo splinter, that splinter may cause all tho large store of 
ammunition contained in the wngon to explode. Now that 
store is so great that it is quite sufficient to explode, one aftrr 
another, all tho other wagons, and by tho general explosit n 
destroy tho limhers and guns also, unless the wagons have 
been removed to a safe distance. At tho battle of Speicheren, 
during tho war of 3870, an entire battery was thus swept ct m- 
plotcly away. Not another round was fired from it. iuniost 
every man in it was killed. Tho entire destmotion was due to. 
one shell, part of which struok one ammunition w.agon ni.d. 
exploded it Ho would bo a very bold man who would under¬ 
take that any battery in which a wagon not far removed to 
tho rear hud exploded should ever fire anoOier roi:nd. Tho 
question, therefore, under the present conditions of aU efficient 
fire, is one vital to tho existence of artillery. For the horee 
artillery it is one easily solved ; for the field batteries the solu¬ 
tion has not yet been found, or at least applied; and it ia at 
this point that the groat distinction between the arrangement ■ 
of tho two appears. 

1110 horse artillery, tho purpose of which ia e«senlially 
di&rcnt from that of tho field batteries, requires an altogether 
dilmient fighting equipment from that of the latter. As it is to- 
act expressly with cavalry, a number of mounted men belonging 
to the battery itself ride with it. When the gun is to be unlim- 
berod and brought into action, certain of these men, in addition 
to the two sitting on the limbor of tho gun, dismount in order- 
to load, lay, and fire the piece. Others are employed to hold 
the hoMB ^ those who dismount, while some of the horses ere 
held by the drivers of the centre horses. Cavalry actions are 
always qnick, sudden, and short. Therefore, the artillery wl.-ich 
aocompanies cavalry requires to have with it very few roniuls 
of ammunition. Aooordhigly, horse artillery never moves for 
action with its wagons. The wagons keep away at a safo 
distance, and when it is noaessary to replenish the supplies with 
the guns, they send up their limber after the action is over. ^ 
Thus there is hardly any danger of a wagon’s exploding. If. 
by chance one does explode, few men ore injuivd, and the 
effloienoy of the battery is not impaired. The field batteries, 
on the other hand, have, with the exception of the officers 
and a few non-oommiasioned officers, no mounted men riding 
with the battery. The men who are to lay, load, and fire, 
sit either on the limber of tbe gnn or on the limber or 
b^y of the wagon. For ordinary times—^for marcbfs, tlmt 
is to say, and even for the latest movements up to tho 
moment of ooming within range of the enemy—the plan is 
entirely satisfaetoiy. Field batteries do not require to move 
(gery rapidly at ratih times, and the wagons can trot at a vcjy 
go(^ pace—can, in fact, move almost as rapidly as the rans. 
But when the gun is to move -up to a position for fictiomtho 
whole difflonlty of the ease presents itself. It is far too dan- 
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^OT»na to aUoir tlie tragfon to inave formurd where ihe gun is. 

1 Yet unlesB the wagon dooH aocompany the gnn, how ore the 

I nen to got there who are to work the piece P The gnn is wanted 
\-> in a great hurry. Till it can be moved to a certain position 
' nothing oou be done. The gnn dashes up at a gallop. The 
wagon stops at the last point to which it can safoly move. 
Often it is noocssorily delayed oven at a more distant point j 
for during that last oritiool movement when the enemy’s position 
is being approached, no portion of the army can bo allowed to 
ouonmtor tho way which is not oapablo of bringing direct action 
to boar against tlid enemy. The wagon, thereforo, a mere maga- 
aino and transporting carriage for men, has to allow masses of 
infantry to pass it. The gunnors dismount and rush np after 
the gun. But mon cannot race with horses, and the gun has all 
along had a oonsidorablo start ovor tho wagon. Tho gnnners, 
thorofore, from tho wagon arrive .panting and unfit for work 
many minutes after the gun has reached its dostinod position. 
Those minutes arc all preoious. It is not possible to fire from 
the oxaot spot where tho horses are obliged to drop the pfnn. 
The very reason for the solootion of the })ositioii is, that thoro 
is a oonveniout bank a few yards off whoro cover will bo just 
sufficient for tho guns and tho view perfect. Yot it is hopeless, 
with the only throo men available, to push tho gun by band over 
tho heavy ground intervening. All waits for the artillery. 
Tho infantry cannot advnuoo a stop till some relief has been ob¬ 
tained from tho deadly tiro of tho enemy’s position. It is a time 
when every ofiicor in tho brigade, from tho yoongest snbaltom 
of infantry to tho brigadier-goneral himself, has more than 
enengh to do with his own work. All oyoa and thoughts are 
strained in watching tho enemy's position. Yet no uno but tho 
brigadier and his staff are near onongh to tho guns at tho 
critioal moment. Already tho onomy have seen tlie toll head¬ 
gear of tho drivoi-s showing ovor tho bonk. In anotlior momont 
thoy will have found the range, and may render it impossible 
for the guns to open fire at all. Ilown jump brigadier and 
staff, abandoning all thoughts and oiros, lentQng hard moehanioal 
aid in pushing forward the gnus into position. This is no fancy 
pioture. An account of how it ocourred in tho Crimea may be 
read in Mr. Kiuglako’s desoriptiou of the bringing np of the 
Ifi-ponnders at the Alma. Tho remedy was then pointed out. 
Tot during the autumn manoeuvres of last year (18^1), in the 
attack on tho Hog's Baok, ezaotly the same thing ocourred again 
as happened sovonteon years before. Brigadior-General Browne 
and his staff assisted personally in pushing forward tho wheels 
of the guns that were brought into position at the village of 
Snsle. Newspaper oorrespondonts applanded tho zeal displayed 
by the offioors. Others may, perhaps, minglo with their ap- 
planso Bomo regret that suiffi waste of power should be 
necessary. The prioo in the labour market of a man who^oou 
push a wheel is not quite so groat as that of one who poBvissca 
tho capacity to govern 5,000 men. The moment chosen for 
plaoing tho brigade commander under the ueoessity of taking 
part in tho mechanical employment, is preoisoly the one when 
his higher powers are of oxoeptional value. 

Experiments are now being made with the intention of asoer- 
tnining how the difficulty can best bo mat. it is to l$e hoped 
that a satisfactory solution may bo arrived at; for it is useless 
to disguise tho fact that since brigadiers eon scaxeely bo pro¬ 
vided to work every gnn, till some other means of having men 
to work them, wiioii they ore wanted, have been fonnd, our 
splendid field artillery can sourooly enter upon a campaign at 
all without the mort serious risk. 

VktiottB means have been employed by different armies for 
avoiding the difficully. Our own Indian artillery used to have 
gunners on the three horses at present driven, not ridden, by 
the drivers. The Prussians have mon seated on two boxes 
on the axle-trees of tl)e gun itself. Those, with the three men 
who can be put on tho limber and the non-oommissioned 
effloer who rides in charge of tho gun, manage the handling 
of the pmoe' fairly well. Our present expwiment oons&sts in 
' pceridhig the men with seats on the a:^tree boxes. Un- 
fortonatriy, we have forgiri^ to provide them with any 
satiafaetoty support for their ieet, and the ban to timir 
■eata are so nnoomfortable that it ia 1^ no means easy to ride 
ia thdtt. The gnn-caniagea Imte no springs, and oaonot have. 
any i. for travdUing as thqy nsosssarily do over very rough 
gimm, dhly d strong rimple oaestmotion oaa be en^kyed. 
Bmoe. .aa 1^ moving a g«u often'wquiMB vary oeuiderabto 


exertion, and the mon onght to be quite fresh and np to hard 
work when they dismonat, it is very nooessary that their 
travelling should be made os little fatiguing to them as possible. 
When the difiioulty has been aatisfaetorily met, either by some 
means of this kind, or, which is no doubt the easier and simpler 
plan, by adding one or two more mounted mon to the oom- 
ploment of the battery, the field artillery will be able to assume 
its own- definite position and proper place. At present it is, 
from the oironmstanoes I have explained, in so precarious a 
condition that it is indispensable to note the ohaugos that must 
sooner or later bo made in it. 

The “ position batteries” are drawn over the ground by large 
teams of strong horses intondod simply for alow draught, not 
for manoDttvriiig purposes. Hitherto we have not had any of 
them formed and kept ready for work in the way in which our 
horse artillery and field batteries are. But the guns are made, 
and ocoasionally they are horsed for tho purpose of some large 
review or for practice. Obviously tho some high training is not 
necessary fur those who are to drive and direct them, in order 
to enable them to move satisfactorily, as they are required. 
But for them in proportion high training in the use of their 
weapon for shooting purposes is iudisiionaablc, as it is indeed 
also for both the horse artillery and field batteries. Of this 
snbjoot I shall, however, have to speak somewhat more fully 
by-anii-byo. At present it is the distinotion in tho charac- 
teri.stic8 of tho several artillery weapons, ps dctoniiining the 
nature of their orgauisation and use, on which I wish to fix 
attention. 

The mountain guns are usually carried on the bocks of mules; 
the gun on one mule, tho gun-carriage on another. These are 
dismounted and put together when required for use. 

In addition to the other olasses of weapons which I have 
enumerated as belonging to field artillery we now inolude the 
mitrailleuse; for it has recently been recommended, by the 
committee appointed to investigate tho question, that this in¬ 
strument shall bo employed like other classes of guns in regular 
batteries. It has one important distinotion from all other 
classes of artillery, however, and it is therefore hero that it is 
oonvoniont to notice what is, for all other kinds of guns, their 
specific oharactoristic. They all depend for their effect upon 
the great superiority both of the distance to which they can 
throw their projectiles and of the weight of these projectiles 
themselves over the distance and weight of infantry fire. But 
the gunners cannot both attend to the handling of their big 
gun, and at the same time use any smaU weapons which will 
enable them to proteot themselves if any body of armed mon 
gets close up to the gun and among them. Tho big gun cannot 
bo well handled against the multitude of small ones over which 
it has under these aireumstances no advantage from its superior 
range of fire. The gunners, if alone, are thereforo helpless 
viotims to tho fire of the assailing infantry. Hence artillery 
can never bo left to proteot itself. It always requires an escort 
to guard it. The whole efficiency of its action turns on its being 
emjdoyod just out of the effective range of infantry fire, or at 
greater distanocs than that. Thus, though artillery is alike 
valuable to the army which is on the offensive, and to the army 
which ia on tho defensive, its value to the army on the defensive 
depends on its power of striking such heavy blows against tho 
assailant that he is not able to oommouoe his operations 
effectively, rather than on its oai»eity for actually defending 
tho position against him on which it is itself placed. Now the 
function of the mitrailleuse is the exact opposite of this. It 
scatters its storm of bullets most offootivoly from just beyond 
the range of ordinary infantry fire np to the ground in front of 
its own muzzle. Hence its action is essentially defensive- 
defensive of the very spot on which it is placed. It would be 
too much to say that mitrailleuse batteries will not require, 
like artillery, osoorts to proteot them; for they will require all 
the attention of the men who work them, who will, ther^mre, 
be personally unarmed; and at beat these men will not esoape 
when defeated so easily as thei' in^try can do, without 
abandoning ike weapon. 

We need not oonoem ourselves further for the present with 
the oharaoteristips the weapons of the field artilleiy- The 
yet heavier pieoes which «i» employed by ike men who form 
what is known ae oar gweriaen ar^mar ere of «oe or jbro khids. 
iSther they are too |Mmlry.4»‘ be mev^ aiboat at bH, whm they 
erekqiteithsr ^fontnam^or In bottciies gpoeially designed« 
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for co8«t defence; or tkoy Kre each aa weald bo required by an 
army for the porpoeeH of a ideg[e. In either cose the first special 
chata^rietio of the weapons which affects the character of the 
organisation and training of the men who work them is the 
great eiee and weight both of the gxtns themaelTes and of the 
prqjectilea which they throw. From both of theae, bat more 
eapeoially from the immonae ause and weight of the guna, it ro- 
ealta that mechanical skill of the highest kind is required to 
move them withont an undue expenditure of labour. Kvery 
kind of material appliauoo has to bo used, and the men hare to 
beoumo not only, as it has boon well said, “ skilled moclumics," 
but mechanica akillod to work together in a way that fow 
TneohanioR arc accustomed to work. Bnt this is not all. From 
tho size of the projectiles it is possible (as those will have seen 
who have atudiud tho papers of The Tkchnical Edi;oat<)I4 
specially devoted to tho arms now used) to render them im- 
monsoly more offootive by elaborate workmanship. Tho explosive 
materials used arc of the most terribly destructive kind, and 
their oaro requires a special training of its own. Hence on all 
these accounts the cure and management of tho weapon in all 
its parts, gun and projectile, requires and properly ocouidos all 
the attention of sauh men as are to be really skilled gunners j 
more especially since, where such onormuns masses are to be 
thrown by a single piece of ordnance, it is of tho utmost import¬ 
ance that they slionld be accurately thrown into tho very place 
where tlicy arc iqtondetl to create destruction ; and therefore 
tho training of the gunners to shoot well requires much time 
and care. Then* is one point which is a common ebameteristic 
of all classes of artillery weapons. When a very great effect is 
to bo produced npon any one part of an enemy’s position, the 
purpose is to throw into that part aa many projectiles as 
possible. Uonce, as guns throw their shot and shell from a 
very great distance, it is not at all necessary that the gnus 
whose projectilc.s are all to hit the same place should bo them¬ 
selves all near together. Hence, since nearly always it is more 
important to produce a great effect at one point than a little 
effect at a great many, our great object is to concentrate the 
fire, but to scatter the guns ; for since tho scattered guns can 
couocntrate their fire, they will bn as offeotivo against the enemy, 
and will bo a smaller mark and loss observable by him. 


BIOGRArHlCAL SKETCHES OF EMINENT 
INV^ENTORS AND MANUFACTURERS. 

XXVIII.-LEONA1ED EULER, F.R.S. 

IIV JAMES ORANT. 

This distingnished mathematician, who bocome Director of tho 
Itoyal Academy of Berlin, Member of the Impei-ial Academy of 
St. Petersburg, Fellow of the Royal fiocioty of London, and 
Corresponding Member of the Royal Academy of Sciences at 
Paris, was the son of humble but respectable parents, Paul Fiulor 
and Margaret Bmcker, and was born on the 1 .'ith of Ar>ril, 1707, 
at Basle, in Switzerland. ‘‘The years of his inf.moy,” says 
M. Fuse, “ were passed in a rural retreat, whei'O tho example 
of virtnoue parents contributed greatly to form him in that 
amiability of uharacter, and nnoommon purity of sentiments 
amd manners, which were manifested during the whole course of 
his life.” 

'Jihongh tho wishes of his father, then pastor of the village of 
Rioohon, were that Leonard Euler should study for the Cburoh, 
ho preferred science, and applied himself with success to mothe- 
matioR under the celebrated James BemonilU, who in 1687 
had been appointed a professor in the university of Basle, which 
had long ranked as one of the most famous seminaries in Europe. 
Enlor attended its olasses with strict regularity, and us his 
memory was wonderfnl, he performed his tasks with rapidity, 
and all the time he gained-was devoted to geometry, which 
beoamo his piinoipal study. Euler hence booume tho favourite 
pnpil of BmoniUi (then isteemed one of the first mathema- 
tiedons in the world), whom his genius and rapid progress 
inspired with genuine admiration. 

lb 1723, Elder tooh his d^ree aa Master of Arts, and on that 
oooasion Slivered a Latin disoonne in which he biew a sldlfal 
oompoiison between the philosophy of Newton and the Corteeian 
aystem. He.oftetwards iqiplled himsdf to the atndy of tbeolen 
and the OrUiatiJ laagnagM> *0^ he beoame the frbnd and iam* 


mate associate of tho two sons of Bemonilli, N icholas and Daniel, 
throngh whom it was that his conueotion with tho Academy of St 
Petersburg came to pass. Potor the Great's project of ercctinf 
that oeodemy was o^rwards cxeouted by Catherine I., and 
the two young BomouiUia being invited to the Russian cap^l 
in 1725, Euler promised to follow if th^ could procure for him 
a suitable appointment; and in the meantime ho applied 
himself to tho study of physiology, and attended closely the 
medical lectures of the most eminent professars at Basle. 

While thus engaged, he composed a “Dissertation on tho 
Nature and Propagation of Sonnd,” and an answer to a prize 
question oonceming tho mastmgoj sh%ps,io which the Academy of 
bcioueos adjudged the %irotirne aceessit, or second rank, in 1727. 
From this disoonrso and other circnmstajicos, it would appear 
that tho comprehensive mind of Euler had curiously enough 
boon turned to tho study of navigation—a study which he 
aftcrw'ards enriched by many valuable discoveries. 

Tho lot of certain civil and academical honours which he 
doemed his duo having been decided against liini, ho left Basle, 
not withont a certain sense of mortification, joined Daniel Ber> 
nottilli at 81. Potersbnrg, and witli him became joint professor in 
tho university. Ho now produeod several menjoirs and papers, 
and carried to now degrees of perfeetion the integral calculus, 
invented the calcnlatiou of fnfactions, redneed analytical opcra> 
tions to a greater simplicity, and thns threw a sew Jight on 
luuny parts of mathematical science. 

In 1730 he was appointed IhrofosBor of Natural Philosophy, 
and throe years after snooeeded, in the choir of mathematics, 
bis friend Daniel Bumouilli. In 1735 the Academy proposed 
a problem which required expedition, and for the sointion of 
which the most eminent mathematicians demanded the space 
of some months. To the astonishment of tho AcndcTny it was 
solved by Leonard Euler in three days, but so laborious had 
been the task, that it cast him into a dangerous fever and 
deprived him of bis right eye. Tho Academy of Sciences at 
Paris, which in 1738 had adjudged the prize to his memoir on 
“Tho Nature and I’roporty of Fire,” proposed for the year 
1740 the snbject of “ Sea Tides,” a problem requiring the most 
arduous calculations, together with a comprehonsion of the 
entire solar system. The discourse of Euler on this snbject 
was doomed an exhaustive masterpiece, and it was thought 
more hononrable for him to share tlio acmdemical prize with 
snch illnstrioos rivals as Daniel Bemouilli and Colin Maclaurin 
of Edinburgh, than to have carried it away from others of less 
reputation. “Rarely, if ever, did such a brilliant competition, 
adorn tho annals of the Academy; and no subjoct proposed by 
that learned body was ever treated with such aoenraey of in¬ 
vestigation or force of genius, os that which here displayed tho 
philosophical powers of those three extraordinary men.” 

'yn being invited in 1741 to Berlin, where tho Academy was 
then rising into form under the auspices of Prodoriok tho Great, 
he enriched the last volume of “ The Miscellanies of Berlin ” 
witli five memoirs which make tho prinoipol fignre in that col¬ 
lection. With astonishing rapidity other papers followed on 
tho most importapt subjects, and these are scattered throngh 
the “^lemoirs of the Prussian Academy,” which, ever since its 
final ustahlishnient in 1744, has published one volume annually. 
'The labours of Euler wore the more surprising, when it is bom 
in mind that he did not diHOontinno his philosophical contribn- 
tions to the Academy of St. Petersburg, which granted him a 
pension in 1742, when be was in his thirty-fifth year; and it was 
with much difficulty that in 1766 he obtained permission from 
Frederick to leave Prussia and return to the Russian capittA 
where ho was anxions to pass tho rest of Bis life. ^ 

Soon after his return, which was nobly rewarded by tho 
munifisonoo of Catherine II., he was seized with a violent dis¬ 
order, which terminated in the total loss of his sight! A cata¬ 
ract had formed in his left eye, which had become seriously 
impaired by too olose appUoation to study, and thus he was 
deprived of the use of that organ ; and it was while in this dis¬ 
tressing situation, that the untiring philosopher diototod to his 
servant (who had been a tailor’s apprentice, and •ma totally 
ignorant of mathamatios) Ms “Elements of Algebra,” a work 
which, though purely elanientary, disoovers all tho oharaoteristias 
^ an iaveative geniuo. It excited applause and astonishment 
iqr the airoumstaitees under whioh it was eomposed; and in it 
sloiie is to be fonnd a complete theory of thesanalgsis of 
Dfa^phantee, a pwthematioian of Alexandria, who fiouriaiiad. 
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before the Ohristiaa era, and an edition of whose works, with 
notes by H. Fermat, was pnblished at Paris in 1670. 

\ When bis “ Floments ” appeared, the Academy of Sciences at 
iMs houoarod him by naminjf him one of the .foreign members 
of^hat learned body, and adjudged the prize to three of his 
memoirs oonooming “ The Inequalities in the Motions of the 
Planets.” The two prize questions proposed by the same 
academy for 1770 and 1772 were designed to obtain from 
astronomers a more perfect theory of the moon. 

Assisted by bis oldest son, Euler, though totally blind, and in 
his sixty-fifth year, was a competitor for those prizes, -and 
gained them both! It was a wonderful effort of genius to bo 
able to arrange all his vast calculations by the power of memory 
alone, and when, by embarrassment in bis domestic oironm- 
stiinces, a ilro having consumed his library and much of his 
property, compelling him to quit a house which by long habit 
was familiar to him, he had to compose ‘‘ a work which alone 
was sufficient to render his name immortal.'’ 

In tho great fire of 1771, in addition to the loss of his library, 
he nearly lost his life. JVl. Grimon, a native of Basle, on 
learning that tho flames had reached tho bouse of Euler, boldly 
pressed through the conflagration, and rushing into the apart¬ 
ment of the blind philosopher, brought him out on his shoulders 
at tho greatest risk. By the c<mrage and ability of Count 
Orloff, tlio whole of his MSS. wore savod. 

In this last memoir he reserved for further consideration 
several inequalities of the moon’s motion, which he had failed to 
determino in his first theory, on account of the complicated 
cslcnlations in which the method he then employed had engaged 
him. With the assistance of his son, he bad the courage to 
review his whole theory, and to pursue his rcsoarches until he 
had constructed the new tables, which, togfether with his groat 
work on the moon, appeared in 1772. Working in darkness, 
” the heroic patience and tranquillity of mind he displayed 
need no description,” to quote an eulogy of Euler; “and ho 
derived them not only from the love of science, but from tho 
power of religion. His philosopby was too genuine and too 
sublime to stop its analysis at moohanioal causes; it led him 
to that divine philosophy of religion which ennobles human 
nature, and can alone form a habit of true magnanimity and 
patience in suffering.” ' 

About this time the famous Wentzel, by oonohing tho 
tatanot, restored the sight of Euler; but the satisfaction and 
joy of tiiat restoration were of short oontinuanoe. By somo 
negUgenoe on the part of the surgeons, and his own impatience, 
perhaps, to uso an organ tho cure of which was not complete, 
he lost his power of vision a second time, and the relapse was 
accompanied by tormenting pain. However, with the assist¬ 
ance of his son, and Messrs. Kraft and Lexell, he continue^ 
those labonrs of science with an ardour which neither blindniyis 
nor the infirmity of advanced age could damp. His lunar 
tables wore, at the suggestion of Turgot, rewarded by the 
Board of Longitude in France; and whmi the more perfect 
tabloB of Mayer obtainod the great premium of j£3,000 offered 
by the British Parliament, the sum of ,£300 was awarded to 
Euler for having furnished the theorems made use of by Mbyer 
in his work. 

la 1773, Euler publisbed at St. Petersburg his groat work on 
the oonstmotion and management of vessds. A new edition 
soon after appeared at Paris, and by detire of Louis XYI. St was 
introduced into the schools of marine, and a reward of 1,000 
roubles trans mi tted to the author, aooompanied by a handsomely 
worded letter written by the celebrated Turgot. Almost at the 
sfeme time Italian, English, and Bussum translations of it 
appealed, and tho Government of Catherine II. presented Euler 
a gift of 2,000 roubles. Though blind, in the course of 
seren yean he transmitted no less than seventy memoirs to the 
Aeademy 8t. Petersburg; and about two hundred more, that 
he had wntten or dietated, were revised for him by his friend 
Nidholas Fuss. “Euler’s knowledge,” says the latter, “was 
more universal than could weD be expeotod in one who had 
pursued wiui such unrmnitting ardour mathematios and astro¬ 
nomy as his favourite studies. He made a very great progress 
in nedioal, botanieal, and chemical soienoe. What wae still 
mem extraurdinaTy, he was sa excellent soholar, posseeeing 
u*at is generally called erudition in a very hi^ degree. He 
had reeAwitlk attention and taste the most eminent writers 
undent Home. The dvil and litstary history of all ages and 


nations were familiar to him; and fottignere, who were only 
aoqnainted with his works, were aetomshed to find in the eon- 
versation of a man, whose long life seemed soldy oooiq))ed in 
mathematical and physical discoveries, enoh on extentivo ae- 
qnaintanoe with the most interesting branches of literature. 
Ho doubt, in this respect, he waa much indebted to his most 
uncommon memory, which seemed to retain every idea that was 
conveyed to it from reading or meditation. Benoe he could repeat 
the ’ .Xneid ’ of Virgil from bogpiuning to end, and indicate tite 
first and lost lines of every page of the edition he used.” 

Several attacks of vertigo, in the spring of 1788, did not 
prevent him from calculating ihe motions of air-balloons, which 
at that time occupied the attention of philosophers. On the 
7th fit September he dined with M. Lexell, and spoke of the 
planet Herschel. Soon after he was amusing himself with one 
of his grandchildren, when on a sadden his pipe fell from his 
hand, and he expired of an apoplectic stroke, in lus seventy- 
sixth year. 

Euler was twice married, and had three sons and two 
daughters; the latter prodooeased him, but twenty-six out of 
thirty of his grandohildren wero alive at the time of his death, 
which was deemed a national calamity by the Bussians, and the 
Academy of St. Petersburg decreed tom a marble bust at their 
own expense. A complete list of bis works ocenpiee no less than 
fifty-one pages of Hicbolas Fuss’s “ Blogi?,” which was published 
there, in quarto, in 1783; and a colleotiou of, the best produc¬ 
tions of Euler appeared at Brionne, in eighteen volumes, in 
1797. 

Euler was a rigid Calvinist, and so long as his sight was 
spared he assembled the whole of his household every ovoning 
and read a chapter of tho Bible aloud; be was wont to add a 
little exhortation or discourse, theology having been from his 
boyhood one of his favourite studies. His habits were ever 
sober and temperate ; his manners unaffected and pleasing; hie 
temper cheerfti and happy. 


THE LATHE.—VIII. 

By HeHUT NOHTHOOtT. 

SLIDE-KEST8 (conlinueil )— modern hand-lathe. 

The sUdo-reat illustrated at Fig. 25 is of more modem design 
than those hitherto noticed. This instrument is intended 
chiefly for operating upon metals, whilst the previous ones 
were adapted chiefly to act upon more tractable materials, and 
B8 a oonsequence of this difforcnco in the nature of its work 
the present slide-rest is oonstmeted wholly of iron, and of more 
massive proportions. In action it is precisely the same as those 
already described—that is to say, it has a foot-plate, a, which 
is planed underneath, so that it may bed nicely down upon the 
planed surface of tho latbe-bed, and carry the various slidds 
duly level and square. Tho slot shown along the foot-plate il, 
of course, for the holding-down bolt to pass through it. 

It may be remarked here that tho bottom surface of the 
foot-plate of any slide-rest should not only be planed and 
rendered smooth, but its area should be la^, so that it may 
steadUy support the slides against the pressure resulting from 
heavy and irregular outs. If the foot-plate be too narrow, the 
whole rest beoomes very unstable when a heavy out is being 
removed from a piece of work, and this unsteadiness becomes 
especially noticeable when the tool is moved to tho end of its 
sl^e on either side, ss then the tondenoy of the strain upon ihe 
tool is to upset the rest or to depress toe cutting tool. Many 
slide-rests are rendered almost unserviceable ^m having a 
foot-plate too narrow to firmly resist toe pressure upon toe 
tool. 

The slide-rest also has a strong traverse-slide, b, with the 
usual screw and winch-handle, and also a surface-slide, e, the 
top part of which, d, is toe tool-plate. The tool-holder is some¬ 
what different from those heretofore deleribed, consisting of 
a flat plate with toree screws in it. xhe plan of this pli^ is 
triangular, and toe three screws are placed one at each of the 
three comers of the triangle. The plate has a hole through 
its centre by which it is supported upon toe central spindle, 
and the fit is a loose one, so that toe plate iomy be swung 
round upon toe central spindle, and placed in any ^sition with 
regard to it. The tool is placed under two of the screws, and 
k fixed at any angle that toe nature of the work may render 




Fi*^37.—SAND-JUTHE, COHSIBIINO of two HXAO-BTOCKB, CATCH-PIiiTB, FACE-PLATE, REST-SOCKET, AND TOP COKE-PULLET, 
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nooeBBai 7 by tightenitiff tUo two Bcrews down upon it. Tho 
third Borew acts Kiniply ob a Bapport to the other oomor of tho 
\ triangnlar plate, to keep tho plate horizontal, and prevent tho 
wwo BorewB holding the tool down from throwing any cross 
npon tho oeutrol bolt. A oonveniont and effieiout tool- 
holder is qaito essential to tho satisfactory action of any slido- 
rest. This owo is simplo, and its principle is good, but in tho 
oxamplo it is not bo well carried out as it might 1 3, and more 
favourable Epccimcns will bo met with hereafter. The three 
Borews sbonld in every case bo mado of steel and hardened 
throughout, but their points should bo loft somewhat harder 
than tlie thread of tho aorew, as they oomo in contact with the 
hard steel tool, which would otherwise flatten or “npsot ” the 
ends of the screws. It is advisable also that tho plate should 
bo of a good thickness, especially at the part whore the sorows 
go through it, as the continually screwing down so hard and 
nnsorewing these sorows soon wears out the thread if the plate 
be tbin. 

At Fig. 26 ia shown another and more oomplete example of a 
oomponnd slide-rest. 'J'his one also is constmeted wholly of 
meW, and all ;the sliding surfaces are planed up, and should bo 
scraped to a true surface. The projootin^ rib at a goes between 
the two slabs of tho latho-bod to presorre the parulloUam of 
the travorso-riido, and the position of the rest generally. The 
arrangement of the traverse and surfacing slides is shown 
Yory clearly by tho sketch. They ate oonstructod in much the 
same manner as tho previous ones, and it will be seen that tho 
upper slide has an angular motion, with a ourved slot and sorew 
for the prodnution of tapering and angnlar work. Tho tool-holder 
in this case has f onr screws, arranged one at each of the eorners 
of a square plate. This plate is not movable, os tho lost was, 
aronnd a central pin, but is firmly fixed to form a part of the 
npper plate. The tool is placed under any two of the four 
pinching screws, and there is thns a choice of four positions, 
any one of which may bo chosen that the shape of the work 
may render most convenient. Tho choice of positions is much 
more limited than in the last oxamplo, and this is no doubt a 
disadvantage, bat the holder is very strong and efficient in uU 
other respects. 

At Fig. 27 is shown a strong substantial lathe of modern 
design, for the oxocntion of tolerably heavy luuid-tuming 
in eitlier wood or metals, but chiefly in metals. Tho mas.sivo 
cast-icon bed ia carried by two strong cast-iron standards, 
which are required to support it steadily. The snifaeos whore 
the standards oomo in contact with the nnder-side of tho bod 
are planed, and tliey are bolted together, so that the bed and 
standards may be as firmly attached to en.oh other as if they 
were one solid casting. The top surface of the bed also, and 
tho inside edges forming tho space between tho two sides of 
tho bed, are truly planed up to a smooth surface, so 'Uia|^*tho 
screw hood-stock may bo slid anywhere along tho lathc-bod 
without afibctiiig the position of the lino joining tho lathe- 
centres. Tho driving head-stock is, of coarse, firmly fastened 
down upon tho latho-bod, its bearing-surface being planed to fit 
properly down npon tho surface of the bod. Tho rib projecting 
from the undcr-snrfaco of tho head-stock, instead of boi% mode 
to fit nicely between tho two slobs of the bod, is sometimes left 
muob narrower, in order that the whole hood-stook may be 
shifted bodily out of the nsnal lino of lathe-centres. This pro- 
Tisien, however, is only of use for sliding lathes, or with lathes 
having alide-zeNts with fixed slides, as the objcjt of it is that 
with the tool following Us usual oonrso parallel to the proper 
line of lathe-centres, taper and angular work may bo produced 
^onstoad cf ordinary turning. 'When the heud-stock is so con- 
etruotod two sorows ore planed through the projeotiug web, and 
so as to come aoross the space between the two planed edges of 
tho lathe-bed, which they occnrately fit. By taming these screws 
in the proper dirootion the position of the head-stock may be 
very nicely adjusted to produce any small amonnt of taper, or it 
may be ^justed to the slide-rest fw prodnoing a fiat surface 
wc a ,para!lffi shaft. „ Of oopree this arrangement is not required 
for intended solely for hand-tool taming, nor for s^ as 

hare, jhdfMrests wi& ditttlqg aUdes. With the first the shaps 
gt tM,^h would he t^ymslhcted hy the poatioa the 
la t jbe iS wBdle, and with .heooad the taper can t>e prodnoed 
bylMuU^ w didee, sad inthosAghiftiag the h^-sto^. The 
mtihnyn^iT df this lathe has fiire speeds, and is adapted to 
zeothl* e m leather belt and to AiTO from a ehaft ovethead. 


The speeds may be still further varied by tho double-gearing, 
ia the manner previonsly explained. Tho small hand-tool rest. 
shovm in place upon tho bed may be removed, and a slide-rest 
Bnbstitntod, when the natoro of &e work renders it advisable. 


PKAOTICAL APPLICATION OF THE FINE 
ART'S.—XI. 

THE AST OE MOSAIC (ooniinueg).' 

By P. H. DsnAMOTTs, ProfeBaorof Bmwing, King's College, hondon. 

In the practical application of fine art to mosaic, we must use 
those canons of art which are universally true, modifying these 
according to the material in hand. Of oonrse, designs for the 
decorations of walls will bo different from those for floors. Tho 
Romans certainly did pat much good work and beautiful 
pictures upon the floors, muoh os we see haudsome barpots now- 
a-days with bunches of flowers and even landscapes portrayed 
upon them. Still wo suppose that scaroely any one could put 
his heavy boot upon the Cirencester Cores nr Flora without a 
pang; if his taste did not feel it, he would deserve a twitch of gout 
to remind him of what he ought to consider. It would bo very 
inoonvenient to bo continually jumping about to avoid pressing 
an nUhallowod heel npon some fair ])rodttctiun of natoro; we 
cannot, therefore, admit the reprosentation of natural objects 
upon a floor intended for general trafiic. Jt remains fur us to 
disonss the oharaetor of designs that ore admissible; and our 
choice is limited to colour and form. 

In form wo cannot do better than go back to tho simplest 
patterns and tho most classical models. Tlie oontmon Grecian 
border (Fig. 2.3, Cirencester), either in its ordinary form or as 
we have it here, is on unfailing sunruo of pleasure to tho eye. 
Another very common herder, very convenient from tho pos¬ 
sibility of taming or stopping at almost any point, is the twisted 
cable, as shown in Fig. 22. The Grecian is slightly altered, by 
being adapted to what might be almost called oblique co¬ 
ordinates, and enclosed in a diamond-shaped compartment in 
tho pavement from Threadueodle Street (k'ig. 26). In this 
relic wo have, too, another very common design, tho endless 
knot, whilst square oomportments are mingled with diamond- 
shaped ones, rhomboids affording a pleasing variety of obUqne, 
acute, and right angles. In this, too, wo have idealised flowers 
and loaves of two kinds. The endless knot and some of tho 
other ornaments oocnr again in Fig. 25, from Cironcoster, oom- 
binod with some other very felicitous forms. Tho arrange¬ 
ment of eight rhomboids around a point in a shape somewhat 
approaching both a cross and a star, is very happy ; and tho 
introdnotion of regularly ourved lines in the terminal border 
breaks the monotony of so many straight linos with no greater 
curves than thovc of the endless knot. In this example tho 
cable is oolonred on the inner side of a brownish-orange, whilst 
tho two outer rows of tesser® are nearly white; the same 
colonrs and arrangement hold good of tho endless knots. Tho 
diamonds ore separated by blaok lines; the interior ef all of 
those are yellow; whilst the Unc immediately round the interior 
is black and orange in alternate diamonds, white coming again 
between this and the blaok. 

In Fig. 20, from Abbots Ann, Hampshire, we have scarcely 
more than tho idealised loaves of tho former figure oorriod out a 
Uttie further, and more idealised, and more geometrical; and in 
Fig. 21, within a similar border to some of the former, a more 
complicated figure is introduced, still, however, mainly founded 
on the oroBS and circle. 

The next kind of ornament that wo meet with ia of a some¬ 
what different character. It consists no longer of mere geo¬ 
metrical lines, straight and ourved, adapted more or less to 
pleasing shapes, and sometimes approaohing the fonn of 
idealised flower* and leaves; but we have now in snoh patterns 
as that from Cirencester (Fig. 24), and from Woodmanoheater, 
in Gloneesterahire (Fig. 19), the soroll-work of which tho main 
foundation is the imitation of leaves and branohes j still, of 
oonrse, tiioronghly idealised. This style of mmamentation oan 
at the present day be carried into far higher perfection than 
was tike ease under the Bomana, ainoe ^ ezperienoe of so 
Umoh medisevhl and renaissanoe work, though the latter may 
he oonaidemh^ overerowded and redundant, has oontribnted 
nea% to a just taate in anah deaigna. Too rnimh oansot be 
done tix thia diraotfam, wfam ttw natwial in haad vriB adaft • 
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of adaptation to tbis nse. Tbiii will be the oaae eapociaUy 
when natural materiula or smalti, aa the small pieoes ^ gflaaa 
are called, are employed. These itnaUi are fragments of glass 
broken off larger cakes of sis or eight inobee long by four or 
five wide, and of a tolerably ooiform depth of nearly half an iuidi. 
These broken pieces, of coarse, are not quite uniform in shape, 
so that the form can be ohoseu which is best adapted to the 
pattern in hand, whilst for flat surfaces the pieoes most nearly 
approaching regular cakes ore preferable. But if terra-cotta or 
other forma of clay manufactured in the shape of small tiles 
are employed, it will most naturally happen that these fall into 
regular geometrical patterns. Of oour.se, whore the subject is 
large, and the tiles employed are very small, and both cubical 
and triangular, a very near approach can be made to either a 
BoruU pattern or an imitation of natural objects; but after all 
this is rather adapting a somewhat unwieldy material to a 
purpose alien from tlio best use of ornament, which consists in 
applying the material to the most pleasing effect of which it is 
naturally capable. 

When the surfaco to be covered is a wall or pioco of furniture, 
there is then no reason why a picture should not bo imitated. 
Thus the groat churches of Italy have their walls decorated, 
and these copies of the uia.sterpicGCs of great painters carry 
to posterity a very close approximation of the original works 
unimpoixod by the passage* of lime. Wo say a very close 
approximation, because however accurately a groat work is 
copied—and the Italians *re certainly groat copyists in the best 
sense of the word--a copy nan never convey the whole grace 
and beauty, and thnnght of the original, unless the hand and 
heart of the master be employed upon the copy, when, of course, 
it lieoomos no longer a copy. 

But even of pictures, some arc more suitable to this stylo of 
material than ethers. To a great extent the subjects suitable 
for fresco pointing are also adapted for representation in mosaic. 
A study of great works in tin* vai'ious churches in Bavenna, of 
which photographs liavo l>eon taken, will show the character of 
work which the early workers in mosaic tliought best adapted 
to their material. Here wo have the calm, ]>lacid figures repre¬ 
sented in a dignified repose, such as one might expect would be 
consonant with the feelings of the descendants of tho Qrook 
soulptors of old. No excited emotions, hut a calm dignity of 
feeling—not absolute rest, but a position of motion temporarily 
and naturally suspended ; these oharacteristios lend themselves 
agreeably to the means in the artist’s bund. 

It is not granted to every one to Lave the means of studying 
the best models, nor is it by any moans in tho power even of 
those who ardently desire it, to design great works of art; 
but that is no reason why all who make attempts in any branch 
of art should uut place before themselves the lughost attainablo 
model, and strive to tho best oi the ability they may happen to 
possess to approach as near perfection as possible in the works 
they take in hand. The constant oxereiso of all one’s powers 
most lead to increased facilities and capabilities, and thus tho 
hand, tho eye, tho taste, and the knowledge become expanded and 
strengthened, just os under tho judicious training of a gymnast 
the moBoles of tho body gam both strength and rapidity of 
motion. 


TECHNICAL DRAWING,—LXVII. 

DUAWING FOB STONEMASONS, 
the MANNBE of latino BEICKS—the teem “ BOND ■' 

DEFINED. 

Ik building with bricks, as all the parts are equal and regular, 
they are laid in horizonted courses from the foundation upwards. 
The reason is obvious ■ regular bodies, such as bricks placed on 
A horiaontal base and with vortical sides, have no tondenoy to 
move laterally, H, on the-contrary, bricks were laid on an 
oblique base, they would have a tendency to elide downward in 
one direction. Hence the wall might eventually bulge or oraok, 
or lose ite perpendioalarity. 

If wo auppoee a wall of only haK a brick thick, all tho brioim 
used wcrld of course be laid lengthwise, so a« to show their 
whole U.;:th in the fooo of the wall, in wbioh case are 
colled “ etretchera ” (“ Bailing Constmotion,” Vol. I., p,. 141), 
lb- laying a aaoond oouree of brioka, oare must be t aken to 
l^ravent any two veitioal jointa from ooinoiding- Thip wonl^ 
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be effected by placing tho Joints or msNsting of the ends of tho 
second oonrso of bricks over the middle of the bricks of tho first 
oonrse. The same arrangement wonld bo attended to in 
third and in all the sneoeeding ooursea. 

Fig. 533 is the plan and Fig. 534 ia the elevation of pa 
a brick building in which the 
walls are supposed to bo half 
a briok thick—that is, 
inches — and built in the 
manner just described. 

This arrangement of never 
allowing any two vertical 
joints to coincide is techni¬ 
cally termed “breaking joint,” 
and a wall thus built is said 
to have a proper bond—a 
term which impUos that tho 
parts are properly oonneoted. 

It will bo observed that all 
tho bricks represented in the 
elevation ore stretchers, show¬ 
ing their whole length in the a] 
surface of tho wall, excepting a 
one brick at the angles of the a 
wall in oaoh alternate course, a 
a, a, a, a, whioh hIiowm itself i 
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Fig. 534. 


in tho elevation. A brick thus 
laid is called a Iteader. 

By this method of placing a header at the angle of each 
alternate oonrse, a “ bond” is obtained. If the whole were laid 
in stretchers throughout, as in Fig. .535, all the vertical joints 
would coincide, and the wall would only consist of upright piles of 
bricks, the entire weight of each pile resting on one brick below, 
and there would bo no connection between tho upright stacks 
but the mortar in tho vortical joints, which would, of course, be 
insufficient to prevent either one from soparating. This has 
been fuUy explained in lessons on “ Building Construction.” 

It must bo mentioned that the above example is introduced 
merely as on illustration of the necessity for oorreot bonding of 
tho bricks; but walls of half a brick thick are not used in any 
proper building, being for too weak to afford the necessary 
stabiliiy even to tho smallest buildings, unless tho briokwork be 
hold tog^ethor by a wooden frame, of whioh it fills the intervals. 
This style of building, used for economy, ia altogether unsuitable 
for public buildings, unless of a very tomporaty oharacter, and 
is called brick nagging, specimens of wbioh are seen in many 
villages. 

Brick Bogging ia sometimes used for partitions in dwelling- 
houses. 

*AI1 proper walls, then, are one-brick thick and upwards, and 
it ft to be observed that in 
such, bond cannot be obtained 
without introducing parts 
smaller than a regular brick 
near each angle or opening— 
that is to say, not only at the 
comers of the walls, but also 
at oaoh side of every door, 
window, or recess throughout 
the whole building. 

For instance, if wo suppose 
a wall to bo one brick (that 
is, about 9 indies) thick, the 
bricks may evidently bo laid 
either as headers, in which 
case one brick laid across, 
front to bock, occupies the 
whole thickness of the well; 
or as stretchers, in which 
case two bricks laidalongtide 
of each other in the direction 
of the length of the wall make 
up the thioknesB. 

Now if we snppoaa Fig. 538 
to represent the deration of * ‘ . 

a wall in which tiie brioks are aU of the regular full dse, and laid 
headers and stretohars alternately and in suooeaaiv^ aoq{sea, it 
will be evident (hat one-half of sB the vsitieal joints, a, b, e, 4, s,/, 
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Pig. 537. 


OHut seoemrily agree, beoaoae eraxy two headers ooonpy in the 
face tiu wall preoieeij the same space as one strotohor, and 
[the effect wcnid be praotioally the same as that idtown in Fig. 
amely, the wall would be formed of mere etaoks one 
jbk wide. 

To obviate this inconvenienco, which wenld render the bond 

very imperfect (sinee, al> 
though the vertical stacks 
arc bonded together by the 
bricks of which they are 
formed crossing each other, 
it has been shown that they 
are only united by the mor¬ 
tar), small headers, only a 
quarter of a brick in width, 
arc used near each angle, 
opening, or break in the 
wall, ns was before men¬ 
tioned, the utility of which will bo evident on comparing Fig. 537, 
in which this method is ropresentod, with the preceding figure. 

In this figure, somo of the small headers are shaded, in order 
that they may bo bettor visible. They ore technically termed 
closers, and ore further described and illustrated in lessons 
in ” Building Construction.” 

On examining any brick building the student will at once see 
that this amingeinoiit is generally followed, and thus a perfect 
bond is produced throughout the whole wall, it being observed 
thot these narrow bricks appear in alternato courses only, and 
are the second brick from the angle of their respective courses, 
the first or comer brick of the same oonrso being always a 
header. 

Broken brioka are generally called brickbats; but the term 
iat is by workmen specially applied to the one half of a brick 
broken across the middle. 

A regular bat, or half-brick broken a second time, produces 
two pieces, each a quarter of a brick in width and half a brick 
in length, wbioh oombine to form a closer. These pieces singly 
are called kal^-doserB. When a brick is broken transversely 
into two unequal piuts, the larger of the two is called a three- 
qumrier bat 

The remarks hitherto mode upon the bond of biiekwork 
apply onfy to the external surface of the wall, as seen in eleva¬ 
tion, which may be judged of by the oyo. In walls of certain 
thiekneas, the internal bond, which cannot be seen or examined 
after the work is finished, is of equal importance. 

Rg. 538 represents the section of a wall two brioks in thiok- 
nesB, in which the oonrses ars supposed to be laid sltomately, 
aU headers and all stretchers, so os to correspond with the fore¬ 
going elevation, and yet, owing to a faulty arrangement of the 
brioka need, all the vertical joints in the middle of the wall edm- 
cide with each other. It will be evident that sneh a '^11, 
although it would appear strong and perfectly bonded if the 
exteraid surfooea only be examined, has no proper bond inter¬ 
nally, for one vertied joint prevails from top to bottom, and 
from one end of tiie wall to the otlior; so that such a wall 
vronld be liable to split in two by a longitudinal fracture.* 

By adopting a different arrangement, os in Fig. 539, which 
represents the seotion of a wall of the same thickness, the above 
dedeet wStt be completely obviated, for it ia evident that all the 
vertieal jointa, internal as well as external, are now perfectly 

broken, and that a suffioiont 
bond is thereby obtained 
througbont every pari of the 
walL 

It will hereafter be seen that 
it ia often convenient, if not 
absolutely neoessaiy for the 
purpose of obtaining the most 
perfect bond, to fini^ one aide 
of a wall, not exactly, altiiongh 
nearly, in the aame manner as 
the other, ao that although 
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Fig. 53(1. 


Fig. 539. 


both elevationa may appear allko to an inexperienoed observer, 
the aneagement of tiie jointa. of the one will in reality he lose 
legakr than the other. In thie ease the face of the woU, wUoh 
ia a bedUiBg impliea the external snrfaoe, being toat exptMwd to 
view,|ewt4>e finished in tiie most regular manner, in prefeMnee 
to the hflch at internal eurfaoe of the wall, which is eventaally 


(at least in most eaeea) concealed from view by plastering or 
petering. 

Having thus defined the term “bond'' in general terms, and 
having entered into the snbjeot at some lei^tb in leaaons on 
“Building Construction,” it is now proposed to give further 
inatmotion on this all-important branch at the bricklayer’s 
work. In doing this, it may be neoessaiy to repeat some few 
paragraphs or illuetrationa from the lessons on the general sub¬ 
ject, with the view of showing their intimate oonneotion with the 
present course of lessons. The student ie urged to make him¬ 
self thoroughly acquainted withiihe anbjeot as a whole before 
proceeding with further detail. It is not, boweyor, suffioient to 
read, even though that reading be acoompanied by drawing: 
the instruotion must bo realieed, and for this purpose a num¬ 
ber of woodcu bricks should be provided. These can be ob¬ 
tained from any carpenter, and may be of any convenient size. 



Pig. .540. 


Pig. .543. 






Fig. 544. 



Pig. .547. 



so long aa the true propc^tions arq kept np. Abont half the 
real size will be found beat adapts for olasi teaching, whilst 
for private study quarter size will be suffioient. Amongst 
these model brioks should be bats (or half-bri:&a), olosera (or 
brioka out in half lengthwiaa), and also a few qnarto-brioks. 

With thpae the vralls of different kmds and tUcknessea, in two 
or three oonraea, should be built aeoording to the instruotiomi 
here given. The drawing will ^en be intelligently made, 
whereas it would otherwise degenemto into a mere oopy of 
straight lineB. 

caavyiKa xbov solid onmoTB. 

In all tho examples hitherto givan, one nvfaee only has been 
shown of each of the aubjeota under consideration. 

Now, for abaolntely working drawhiga titia is aU that is asoes- 
■ary, enoh drafwingt bring required to show the exact poaition 
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of erety wall, or of oomioe, sill, or stop, so thai; the work may 
be exeoat^ soaording' to the exoot measurement of the design. 

But if it be required to draw a house or any other object in 
snob a manner that an impression of solidity may bo given, 
further study and practice becomes necessary, and the student 
is referred for instruction on this head to the series of lessons 
on “ Object Drawing ” commencing at page 3, Yol. II. of The 
TnoHNiCAi. Eoucatob. 

IiINSaB DBAWlNa BT UIDANB OF IHSTBUUBNTS. 

We have in lessons on “ Building Construction ” given the 
general distinotion between English and Flemish bond, and wo 
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Fig. 053. 



Figi sOO. Fig. 551. Fig. 654. 


now proceed to the further elucidation of the sabjeot, adopting 
the system laid down by Sir Charles Faaley, K.E. 


COMUOtr ENOUSH BOND. 

In common English bond, alternate courses of headers B.nd 
stretohers appear on each side of the wall, so that the elevation 
of it is the same which has already been described in relation to 
537. But with the exception of the stretchers, already 
mentioned, which appear extomoDy, no others whatever ore 
used, so that the remainder of the wall consists exolnsively of 
headers. , , , 

In looking at a wall thus 'built, those courses where headera 
appear to the eye, aro oaUod )ieading courses; but those in 
which the stretchers appear, are called stretching courses, not¬ 
withstanding that the inside of the latter may be filled up with 
headers. 

It is essential in common English bond, that the hcrlsontai 
.joints in each course dioll never bo broken, but that the bricks 
shall be so arranged that the whole of the opposite joints shall 


extend transversely in one and the same right line from one 
side of the wail to the other—^that is to say, the_ bricks of the 
same course must always be arranged as in Fig. 540, not as I 
in Fig. 541. ^ § 

By attending to &is rule this style of building will be fou^r 



Fig. 555. 


extremely simple. In a wall whoso thickness is either one 
brick, two bricks, three brioks, four bricks, or any other dimen¬ 
sion involving a whole number, the stretching courses agree on 
both sides of the wall; but if the thickness be one brick and a 
half, two bricks and a half, three bricks and a half, or any 
other dimension involving a half brick, that which is a stretch¬ 
ing courso on the one side of the wall is a heading course on the 
other side, and vice vmd. 

In order to exemplify the common English bond thus de¬ 
scribed in general terms, we will suppose a portion of a brick 
wall equal to seven brioks in length, and terminating with both 
its ends at right angles to the general line of the wall. This 
portion of brickwork may represent i>art of a wall contained 



Fig. 556. 


between the openings of two adjacent windows. It is true 
(says Sir Charles Fasley) that the sides of windows are not now 
usually finished in suoh a simple manner; "it was, however, 
the method used formerly,” and wo will therefore suppose them 
to be so for the sake of illustrating the peculiar kind of briok- 
worl now under discussion. 

Fig. 542 represents the plan of the stretching course and Fig. 
543 the plan of the heading course of a wall of this description 
-—one brick thick. In the heading course it will be observed 
that closers are laid next to the extreme header at each end, 
without which the proper bond could not bo obtained. 

Fig. 544 is the section or and of the same waJL 

Figs. 545 and 546 represent two successive courses of a wall of 



Fig. 557. Fig. 558. 


the same length, but one brick and a half thick ; and Fig 547 
is a section of same wall. 

In this case it Will be seen that, in consequence ofd^hersebeing 
a brick in the thickness, that which is the heading courso 

















318 


THE TECHNICAL EDUOATOH 


in front ia the atiotohing cooree m iho roar of the wall, and ayetem, nor faUing to notiao that while onr Parliament yaar by 
vice versd. At the ends of the wall three-quarter bats are need year, votes supplies for the purehaso of additional apeoimens, it 
^in altemato ooursos in order to obtain the proper bond. inja^cionsly does not allow of their proper display, by begmdg- 

In this example, too, it will bo observed that the two sides of ing money for an extension of the galleries of a mnsenm pal- 
wall are not exaotly alike, and the same will occur in aU pably over-crowded, many of our own oountrymen expressed 
die built aocording to common English bond, in which half their objeotions not only on this head, but on the inoonvenienoe 
a brick is involved in tho thioknoss of the wall. ^ that woidd be experienced if the natural history ooUectionB were 

Eigs. 548 and 549 represent the plans of two successive oonrses separated from the soiontifio books in the Ifuseum library, 
of a similar wall of two bricks thick. On attaining this thick- O^ers oonooivod that the'naturol history coUectionB would be 
ness tho ends of tho wall present a more considerable surface little visited if removed from their present central position to 
thun in the former examples, and require to have their joints South Kensington, and on this score the aevoranoe would prove 
broken by means of a couple of closers in alternate oourses, it of ospeoial inconvenionoe to working naturalists. So strong 
being nooessary to treat the square ends of walls of a certain was this feeling on the question of dismemberment, that the 
tbictoess precisely in the same manner as if they were short late Sir Koderiuk Murohison, one of the trustees of the British 
portions of the front of a building. Eig. 550 is the section and Museum, declared before the committee that though he bad 
Eig. 551 the end elevation of the same wall. Figs. 552 and 553 bequeathed to tho British Museum the colossal vase of Bibe- 


represent the plans of two sueoessivo courses of a wall of tho 
some description, but of two and a-holf bricks in thickness. 

Fig. 654 is the end elevation of the some wall in which a half 
brick, shown also in Fig. 55a, is necessarily used in the centre 
of each alternate oourso in order to obtain proper bond. 

Figs. 555 and 556 represent in like manner the plan of two 
encoessive conrses of a wall three brieks thick. Fig. 557 is the 
transverse section, and Fig. 558 tho end elevation. 


MUSEUMS: THETR CONSTRUCTION, 
ARRANGEMENT, AND MANAGEMENT. 

BT SAHVBI, mOHLEY, F.G.S., ETC. 

VII.—NATIONAL MUSEUMS. 

In my article on Museums at page 358, Vol. 11. of The Tech¬ 
nical Educatob, I have given a theoretical notion or Utopian 
idealisation of what the aims of a national museum should be. 
1 shall now attempt to show hew far such ideas may be realised 
in praetiee, under conditions which are sure to arise in a groat 
city, that would prove antagonistic to the oanying out in its 
entiivty any snob sohome as I have therein suggested. 

A review of all the foots oonnectud with such a question are 
well worthy of the careful consideration of naturalists at tho 
present moment, when through the exigencies of space at the 
British Museum, it has been determined, notwithstanding the 
grave objootionB, horehiaftor stated, that have been raised by 
influential persons to separate the natural history collections 
from tho antiquarian departments and the library of tho British 
Museum, and remove them to a new museum to be erected on a 
plot of ground on the Goto Estate, on the site of tho Inter¬ 
national Exhibition of 1862. 

It bt^oves all who have any influence to see that the new 
National Museum of Natural History shall not be orampe^ in 
its futnre development for want of suiHciont space; tbahtho 
architeotural arrangements and internal fittings meat tho 
requirements of the day; and that its entire organisation shall 
be established on a true and proper basis for “ arranging, pro- 
serving, and exhibiting in a fitting manner a natural history ool- 
lootion worthy of the country as well as of its capital, and 
intended not only for the special advantage of stndenls and 
soientifio men, but generally for tho rational amusomout and 
instruction of all classes; ”* oven whether it should not also 
emhi^o the aims of tho Mnsoym d'Histoite Natnrello in the 
Jardin dee Plantes at Paris, as defined by the Directory of 1793, 
via, “ the advancement and teaching of the natural history 
scienoes in all their branuhes and in their application to the 
^ri;s and manufactures.” 

In commencing this inquiry, it is advisable to consider the 
objeotions that have been raist^d to the sevomnoe of the scientiflo 
from the antiquarian, artistic, and bibliothooiil oullectionB. 
Foreignen regniri our British Museum unique os to its aims in 
collecting under one roof all atl4unablo specimens illustrative of 
litomturo, aoianoe, and art, so that jt may be “ regarded os a 
consulting enoyolopesdia, a repertory for reference to all these 
departm^ts of human knowledgo.”t But, nevertheless, while 
protesting against any breaking up of the present harmonious 

* Bee the "Treasury Minute " quoted in Pnniasi’s letter to the 
superintendent and keepers of the Natural Hiatoiy Departments, 
0th, 1062, Parliamentaty Papera, 1864, VoL XZXII. 

t Fids Bmort of Beleet Committee on the Bittiah Uuseum Pariia- 
mentalr Tslto, 1860, Vol. 3CVI. 


rian avanturino granite presented to him by the Emperor of 
Bussia, nndor tho impression that it was the proper rosting- 
plaoe for snob an embodiment of science and art, if the natural 
history collections were removed, it would affect that intention, 
and he should alter his will.* 

For many years past Dr. J. E. Gray, as keeper of tho Zoo¬ 
logical ooUootions, has, in his annual report to the trustees, 
called attention to the urgent necessity for providing additional 
space for the natural history spooimens, those displayed in the 
galleries being as far back as 1848 inoonvoniently crowded, 
while many valuable specimens and oolleotitins were obliged to 
he stored in the vaults beneath tho muBoums. Thus, in 1816, 
when Cuvier visited this country, mainly with the object of 
examining tho only known specimen of tho skull of the right 
whale, he had to bo conducted by the light of a lantern to the 
lower regions of iho British Museum. If any osteologist of the 
present day desired to inspeot that skull of a right whale in a 
wrong plaoo, ho must descend to the same vault, and examine it 
by the same light, as in Cuvier’s day. Since Professor Owen’s 
appointment as suporintoBdent of tho natural history collections 
he has persistently urged tho pressiug neoossity for additional 
gaUerioB, or a new museum in some other district, as it was 
utterly impossible, nndor tho existing state of tilings, for tho offi¬ 
cers of that institution to do justice to thanational co11ootionR,for 
the proper keeping of which they are responsible to Government. 

In 1858 both tho trustees and the Government officers 
soomod to fancy that tho only satisfactory way out of the diffi¬ 
culty was by providing a now museum for tho natural history 
collections, and availing themselves of the space left vacant for 
the equally pressing wants of other departments; Professor 
Owen being requested to submit an estimate of space required, 
and a plan for a now national musenni of natural Mstory. This 
ho laid before the trustees March 16th, 1859, including therein 
modifications of his scheme, to suit ground immediately adjoin¬ 
ing tho British Museum, or a site on the Gore estate now 
occupied by the west galleries of tho International Exhibition, 
and the machinery sheds in Frinoe Albert’s Bood. Meanwhile a 
memorial had been forwarded to tho Chancellor of tlio Exohequor 
by nine of our leading naturalists—vi*., Beutham, Harvey, 
Henfroy, Honslow, Dindloy, in ttie interests of botany; and 
Busk, Carpenter, Darwin, and Huxley, in those of zoology— 
dated November 18th, 1858, requesting a full oonsidoration of the 
requirements of naturalists before any scheme or re-organisation 
was finally decided on, and stating their own oonviotions as to 
tho arrangements best adapted to meet tho twofold object of 
the advancement of soienoe and its general diffnsion among the 
public; aud to show how far the soientifio museums of tho 
metropolis and its vicinity, iu their present condition, answer 
their purposes, and to suggest snob modifioations and additional 
arrangements as appeared requisite, and to render them more 
thoroughly efficient. The opinions expressed in this memorial 
may he summarised by apeeffying the museum deemed neoessary 
to meet the above stated object:— 

1. A general and comprehensive typical or popular museum, 
in which all prominent foms or lirpes of &imale and plants, 
recent or fossil, should he so displayed as to give tho public an 
idea of the vast extent and variety of natural ohjeota, to diffuse 
a general knowledge of the results obtained by science in their 

____f 

* Sisoe Sir Boderiok’a'.fleath this magaifloent aperimen of araa- 
tnriue gnuitte and work of art haa been trsnirfened to the Mneenm of 
Practical Geology, of which bo waa Director. 
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iiiTeatvB’tioii and olaasifioation, and to serve as a general intro* 
duotkih to the student of natural history. 

2. A oonapleto soientiflc musoum, in which collections of all 
obtainable aniinala and plants and their parts, whether recent 
or foBtdl, and of a sufficiont number of specimens, should bo dis¬ 
posed conveniently for study; and to which should ho crclu- 
sively attached an appropriate library, or collection ot books 
and illustrationB relating to soicnoo, wholly independent of any 
general library. 

3. A oomprehonsive economic musenm, in which economic 
products, whether soologioal or botanical,.with illustrations of 
the processes by which they are obtained and applied to use, 
should bo BO disposed as best to assist the progress cf commerce 
and the sxts. 

4. Collections of living animals and plants, or zoological and 
botanical gardens. 

As zoologists and botanists, the mcmoTiidi.st8 ofTcred no 
opinion as to the best disposition of the valuable mineralogical 
collections in the British Museum, and tho economic collections 
in the Museum of Practical Geology. 

Tho memorialists suggested that all tho zoological collections 
with a select zoological library, together with a typical or popu¬ 
lar mnsoum of botany, for tho convonicnce of those resident in 
the metropolis, should bo placed under one direction, while tho 
herbaria of the British Museum should bo oonsolidatod with 
the Kew collection, and be removed to a permanent building to 
bo provided for their acei.mmodatian at Kew, ond thisie, with a 
select botanical library, should bo placed under one diroction. 
That tho directors of tho Zoological and Botanical Mnsenms 
should bo directly respousible to ono of Her Majesty’s ministers 
for the proper management of the several departments. That 
the Mnsenm of Economio Zoology at 8unth Kensington should 
be further developed, and that the Museum of Economic Botany 
should bo retained at Eow. Tliat the exisHng oollections 
should he separated into popular typical and stodent’S soien- 
iifio oollections, and that while tho former should be accessible to 
the general pubha every day in tho week, tho latter, with their re- 
speotivo libraries, should likewiso be daily available to students 
•f zoology and botany only. Tho economic and living collections 
should be available to the general public. Tho Typical and 
Economic Musonms shonld ho fully displayed in spacious gal¬ 
leries, in large buildings, in light, airy, and accessible positions. 
The soientilio collections for tho spooial use of working natu¬ 
ralists need only occupy small space in convoiiioiit studies, and 
be BO arranged as to allow of the B(iccimccH being taken from 
their reoeptaolos for direct examination. 

This memorial, in connection with J’rofessor Owen’s estimate 
of space and plan for a now national museum of natural history, 
led to tho elootiou of the Select Commiltoo of the House of Com¬ 
mons of 1860 to oacertaia the reqniromcuts. created bythonocus- 
sity for an inoreaso of space, of the British Mnsenm, and to tho 
inteoduotion of a bill to empower the trustees of the British 
Museum to remove the natural history collcotioris, and other ob- 
jgets to any suitable place, notwithstanding tho pressing nocos- 
sities of the case as stated by Professor Owen, Hr. Gray, and 
other keepers of tho natural history collections, ns given before 
the committee, in correspondence between the Treasury and 
the tmstoOB and their officers, and in tho report of Professor 
Owen and tho keepers of the Natural History Departments, 
Hiwch 16th, 1862. This bill was thrown out ori the score of 
expense at the debate on the affairs of the British Museum, 
May 19th, 1862. It is amusing to note how thoroughly unoon- 
versant men of education and of tho highest politic^ status can 
bo in regard to the requirements of soionoo, and witli the unity 
of natural history olossificationa. In his estimate and plan of 
March 16th, 1859, Professor Owen pointed out tho necessity of 
acquiring skins and skeletons of tho whale tribe, as illustrative 
of tho greatest bulk attainable in tlio present epoch,^ and as one 
of the peonliaritios of the Mammalian class, especially os tho 
fargest species, the right whale (Halmia Mystieeliis) may be¬ 
come extinct, through its extonsive^aughtor by whale fishers, 
for the Museum only poseessSd the skuII previously roforred to, 
stowed away out of sight in the oellars, Farther, he had osti- 
mated the length of the skeletons of the right whale at 95 feet, 
sperm whole 75 feet, bottle-nose whale 40 feet, grampus 30 feet, 
flnnct whale 20 feet, but by reason of ■ their vast size snoh 
speoimens, which would bo of tho greateOfi value to tho noturslist, 
he oould only expect to find accommodation for in ** a national 


museum." Ho estimated tho length of gallery for the entire 
Mammalian series at 800 feet. In tho debate Mr. Gregory, 
who opposed tho bill, exclaimed, 850 feet for tho exhibition of J 
wuales!" in tho same vein as Dominic Sampsofi gave vent ty 
“ prodigious! ’’ Viscount Palmerston in his speech said, “ 
me propose a compromise to my honourable friend : let hii&, wl^ 
tho House shall go into committee on the bill, introdnoe a clause 
prohibiting any whales. I have no doubt whales are objects of 
great interest, but sooner than go to tho expense of paying 
ii50,000when we can got landfor j 610,000 on acre, I for my part 
shall bo wUling, with my hononrable friend, to exclude wholes 
altogether from disporting themselves in Kensington Gordons.’’ 
This was said in aU earnestness, and not. us might be supposed, 
in a spirit of banter. 

In his plan of 1859, Professor Owen was understood to 
express a conviction that in a national museum the whole 
series of natural forms should bo fully displayed to public gaze. 
Professor Flower, in commenting on this id(«, observes :— 

"Lot the reader imagine what a public library would be if 
tho books, instead of being shut up and arranged on the shelves 
for consultation when required, had every single page framed 
and glazed and hung on the wall, so that the humblest visitor 
as he passes along the gallcrioB has only to open his eyes and 
revel in the wealth of literature of all ages and all countries, 
wiihont so muoh as applying to custodian or opening a cose. 
There is somothing ti^y heroic in the conception of snoh a 
scheme; but laying aside all questions of space and cost, what 
would bo its real utility to those who are able to appreciate and 
make tme nse of its contents! All tho inconvonienoes, all the 
imposaibilitioe, 1 may say, of a library arranged npon such a 
plan would bo found in a museum containing anything like an 
adequate number of objects for the purposes of really enlarging 
the boundaries of scientific zoelogy, in which every specimen 
contained in it were exposed to tho gaze of all who choose to 
enter its walls" (“Nature," May 26, 1870). 

In the leader of The jkmes of May 21st, 1862, commenting 
on tho debate of the 19th of May, the writer observes—“ Let Mr. 
Owen describe exactly the kind of building that will answer his 
pnrposo, that will give space for bis whales, and light for his 
birds and butterflies. Tho Hon.so of Commons will hardly, for 
very shame’ sake, give a well-digested schomo so rude a recep¬ 
tion as it did on Monday night.” But this I^rofeesor Owen h^ 
already done, not only in his revised estiniaio given in his 
report of Mareh 6Gt, 1862, but in a lecture given at the Boyal 
Institution, April 26th, 1861, fully reported in tho Alhenamm 
of July 27 (ei afterwards reprinted in a separate 

form, which reached a second edition in 1862,* and is now out 
of print. In that work Professor Owen enters fully into the- 
various considerations that should guide tho curator to a proper 
estimate of the rpqfiirements of all the greSit divisions of the 
threfc kingdoms of Nature. Therein ho say.s, the first principle 
in the arrangement and allocation of sneh objects is, that each 
class shonld receive its duo proportional amount of elucidation 
to the extent which tlie acqnire.d specimens of a mnsenm at the 
time may admit, and according to tho degree in which tho prin¬ 
ciple qf variety is aianifestoJ in the class. “ A museum of 
Nature does not aim, like ono of art, merely to charm tho eye 
and gratify or improve tho fcnso of beauty and of grace." 
Many forms accord with onr apprehension of the beamtiful, such 
as richly plumaged birds, pearly bhelled mollusks, brightly 
painted insects, branched corals, drooping fronded ferns, stately 
palms, gorgeous flowering plants, and glittering minerals. But 
there are other forms of nnwieldly bulk, or repulsive aspect, 
that equally claim the study of tho naturalist. “ What then is 
needed for a eo-cqual or justly proportional ropresoiitation of 
all the classes of animals (plants and minerals), to the oxtont_in 
which a nation may possess or have opportniiitics to acquire 
tho spocimons of 'them P ” First and chiefest. adequate exhibi¬ 
tion Ht>ace: how is this to be estimated ? First, by tho num¬ 
ber of known species of the class; sveoutBp, by tiie extent of 
exhibition space oconpied by the proportion of the class which 
may bo properly exhibited in any existing musenm }*lMrd1y, 
by the proportion of examples obtained, but not exhibited; 
fourthly, by the ratio at which such spneimens have accrued in 
a given number of years; fifthly, by the ciroamstanoes or con- 

* " Ou tho Extent and Aims of a National Musenm N|tnr»l 
History." By Professor Owen, P.B.8. 
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ditiona on wUoli the ratio of fatore inoreoBe may be com- previouely lefened to and taboladaed, not only for the pnrpoee 
pitted. Snoh requisite data I have as far as possible gleaned of earing epaoe, but that the whole of snoh data may be tqken 
|fr(Hn the work of Professor Owen, and the rarions reports, etc., in at 4 glanoe, for facilitating oomparisons. 

Data and Ebtihatx or Spacx ron tub National Collxction of Natural Hibtobt. 


Data, 1B62, scmise by Ezistwo Uubbun. 


EsinuTB FOB Nbw Kvemm. 


Dspabthskts. 


Nvnbbb 
or Khowb 
BrxciBS. 



500 

5,300 

25,000 

7,000 

19,000 

2,200 

140,000 


3,525 

12,000 

910 

1,913 

200 

100,000 


200 ' 40 


18,500 y 7,242 |j 850 50 



Asba nr SqoAsa 
Fxbt. 


/8.000=6ft: 

12,150 800 « 

' 1 Ingth peri 




* 1, Ostbomoicju. specimens would be distributed In the rertebrste 
classes in tbs toUowing nuoiner: Additional length of 650 feet to 
Hannauak Galubbt s 500 lest (with eggs, neats, etc'.) to Atub Gal- 
unr. and 250 feet between the Rettiuak and FisoBAit Galzabibb. 
* 2, Fossil Avixals and I* 3) Flabtb would be distributed orer the 
BBcnrr xoologioG and botanical aeries, and a SlBATASBAiwxaAL Ck>L- 
Lscnon 'that would have to be established. * 4, lleratologioal Sped- 
niaas would be distributed over the Animal, Vegetable, and Mineral 
eoUaotious, and are iaetedsd in the eetimate for space. * 5, Tub 
LtBBAKT, or at least that prwtioa ambradug apeoial dei^ptlve natural 
histoiy, should he distributed in the studies attaohed to each daas 
(eallsry. 

t f, lioMs, Speeiment, ete,, iUnstratiaf tfas geueiatire functions, 
embtyrdogioal,developmental, andparthenogenatla phases of the several 


groups, to the extent U at least 500 typical eiamplsa, ahonld be dts> 
trlbnted in the galleries or studies, ss an essential portion at say 
modem Natural History Museum. 12 and S sie enantial hranehsa 
of a complete natural history series, hut as yet our Natioaal Mnseum 
does not ladnds stratsgrapfai|sl groups of fossils, or a oo U aotio a of 
rode speoimeiu. ^ 

B 1, 2, 3, oomprislng Britiah Natural Hiatory, together. 

S 1 and 8, iUnstrating the geographical dlstribntion of the varieties 
of tbs faumaa race, in connection with Uio meet obaraeteriitic autmahi , 
plants, and repr e a e ntattve ipedee of the various geogiaphiosl rsgiona, 
might Jndidoualy be sasoeiated with the SSemeutary Setiea, B 3, in 
the Botnnda of Typical Nktnial History, as latrodnetory to the general 
Bepresentativa Colleddlona—which building should also uontain the 
Lecture Theatre (E 4) and the Guardian’s l^aidencea (B). , 
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MINING AND QUARRYING—XXIII. 

'BT osoBax onuisTOini, x.c.a. 

ZIKC. 

Ol#*—ASBAima—OAIiOraiNa—SHXLTIKO—PUBIi'YlM'O— 
BFBbTBB—SHNT'ZINC—^VABTOCa CBBB. 

Taui (KBB ei sino wliioh an to be foimd mfhin tbe limits of the 
JBritiah Um do not eqnal ia importance those of some other 
foieiga ommtcies; and acoordinffljr, atthongh tiie rariotu appli* 
oaiicmB of sine bare greatly inoreMed within the last few decades 
of years, the home inaction of the metal hoe had to struggle 
against the superior adToatages of some of the foreign souroos 
of supply. 

_ Almost erery one must be familiar with the VieiUe Montague 
zinc, which oomee here from 
large works of that name in 
Belgium. SilsRia also used to 
furnish ns with great quantities, 
end latterly Spain hiw oontri< 
bated her rich stores of this 
metal, while the United States 
of Amerioa an ready to furnish 
any quantity of the oxide that 
may be desired. 

There are only four descrip¬ 
tions of ore which are of any 
commercial importance. The 
iirst of those, so far at least as 
England is concemod, is the 
sulphide, ZnS, commonly called 
blende on account of .its bril¬ 
liance, or “ black-jack ” by the 
miners because of the intense 
blackness of the crystals. Theo¬ 
retically it should contain 67 
per cent, of the metal, but it 
is usaally associated with a 
large per-oentago of snlphide 
of iron, and other minerals, 
to which its black colour is due. 

It ooonrs principally in the car- 
boniferons limestone, in the 
sadie veins as the sulphide of 
lead. The two are therefore 
often mined simultaneously, the 
blende Berving as a subsidiary 
sontoe of income to the lead 
nine. The largest home sup¬ 
plies are derived at present 
from the lead districts of North 
Wales and of the Isle of Man, 
bnt it is also laised in Cornwall, 

Devon, Derbyshire, Northum¬ 
berland, and some other places. 

Next in importauoe comes 
-the oarbonatc, oalled “cala¬ 
mine “ by mineralogists. This 
used to be in great demand by 
the makers of brass on the old 
principle described in the last article; but it is now a com¬ 
paratively Scarce mineral in England, and the competition of 
the foreign metal has sorioaBly interfered with the working of 
it. This is the prevailing ore at most of the great Continental 
works. 

Klioate of sino is .voy often found associated with the oar- 
booBte, and it is considered to produce a very pure metsl. 

oxide of zine oocnia in large quantities in the State of 
New Jersey, U.S., where it is n^ in tbe preparation of xinc 
paint. 

Whan Mu ore is brought* to “grass” it has to be oaxetuliy 
•sparuted Cram Mu lead ore with^fAioh it is generally mixed, 
and two present a suMbiehtly gnat difference in outward 
appesoanee to enabla this to be doM at a glance without any 
fbsc tff miatake. 

' Tb* blsnde being thus made into puoMs, an assay is taken 
toasoertsintbe psoportionof metal .lnthaote. TUsm^ be 
dpnain vpiieiu wiv«. One plan ia’to pieoipitata the sino ha a 
so^Aldt fttm aa’atqia<niaaal sofartiMt, by Mu addiMon of nr; 

* rvL. m. 



solution of sulphide of sodium of known strongih; and tko 
quantity of snlphide of sodium. lequind foe Mu purpose will 
&ns give by <^onlation Mie quantity. ^ mstsJlio sino whioh • 
was in the eoluMon ; and the weight of ore from whUh this was ^ 
originally nude being also known, the pms o a nt a gs of metal M 
eaaSy aaoertained. Tbe presence of silver, lead, or oadmisiK 
small quantities of whioh ore often found in Mw blende, wHl not 
offset tbs result. 

Another plan, whioh oannot be so thoroughly iMied upon for 
ezaotnesa, &ongh eoffioiently so tor most pnutieol' poroses, 
oonaistB in dissolving out the oxide of zino from a given quan¬ 
tity of oaloined blende, by means of oarbonate of ammonia, and 
then ascertaining the loss in weight, which wiU repro es n t the 
amount of the oxide oontained in &e sample taken. 

The per-centage of metid may 
also be osoertained by Mu low 
I in weight in fnmng the oaknud 
ore in a orueible with ehozooaL 
C A certain quantity of the ore is 
mixed with about one-fbarti> 
its weight of obarooal powder, 
of a qn^ty whioh wilt be known 
to leave a certain weight of 
ash; and after exposure to a 
high temperature for about half 
an bonr, M» oontents will on 
te-woi|ddBg, and making allow¬ 
ance for tto ash left from the 
charcoal, bo found to havs lost 
weight; this will represent the 
amount of oxide of zinc wbtoh 
has been volatilised. 

We now oome to the pro- 
oessea of reduoing the oto to 
the metallio state. They an 
generally known as the Bag- 
lish, the Silesian, and tha Bel¬ 
gian ; bnt they ore aU one in 
prinotyle, the diffsrenoes oon- 
eiating in the meohanioal ar* 
rangement. The metal in aL 
cases is distilled out in retorts, 
of one pattern and airauge- 
meut or another. 

Frepantoxy to this, howevw, 
the ores are crushed between 
iron rollers, or ground fins, and 
washed, so as to eepazato all 
earthy matters. Then they are 
oaloined in reverberatory fur- 
naoes for abont twenty-four 
hours: the moat approved plan 
of doing this is to have a 
double-bedded calmner, the one 
overlying the other, and this 
may be heated with tbe waste 
gases from the reduotion fur¬ 
nace. The ore is first dried on 
tho top of the oalolner, then 
allowed to fsU through on opening into the upper bod, where it 
remainB from six to twelve hours according to the natare of the 
ore, during whioh time it should be well rabbled; after this it 
is raked through a hole into the lower levsl, whoN the heat is 
much greater, and where the ore temaina for a similar period. 
As soon as the first charge passes forward to the lower bed,' 
a fresh supply is introduced into the upper, so that a con¬ 
stant succession is kept up, and all the heat of the furnace is 
thus utilised. When blende ia the ore used, twenty-four hours 
is abont the time oooupied by Mne process, bnt ea lamtn e wMl 
not take more Mum about one-half. 

The next etep is the rednotion of the metal. For Mds purpose 
a series of retorts and receivers are required, and a fuzm^ 

In all Mie prlcoessos referred to, the retorts a»vma^ of re- 
fraotoiry olay, and bm made at the reduotion works; but they 
wry txmdSaoMy w form. Fty. 1 is a section of the English 
mo^l, Fig. fi of the SQetian, and Fig. 3 of the BetgiM. The 
former is a ohrodtair pot wiMi an opening, a, in Mie top, for mtting 
la the dharge, oore^ with a lid, b; and another opbninK 0 ,«t 
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l^boHoat, fortiM exit of the motelliofameewhioli peas tltroii{^i 
tke pipM, Q Mid n into a reoeiving troagh. Mid oondenao dui'ing 
^ puN^. The wioond is a long hmsow chest, fiat below and 
Madid abere, with only one opening far all porpoees, the pipes 
auad-B fox OBirying ofT the funee being fitted in after tiie 
tthlilirr is introdnoed. Ihe Belgian oonaiats of a cylinder of 
elsy, like a diain-pipe, closed altogether at one end, and par¬ 
tially ao at the o&or. The appendages d and k coxxospond to 
thme siiiiilarly marked in the two other diagrams. 

Be xeapect of sise they differ quite aa greatly as they do in 
iotm t and this renders a rery different fnmaoe arrangement 
necessary in each case, so as to ensure a proper economy of fnel. 
An English pet oont^ns a charge about 350 lb. of ore, a 
SOflsian retort about 70 U>., and a Belgian about 25 lb. It 
must not be supposed from their names '^t the former is only 
need in England, and the othera in their reepeotiTe countries; 
far pots made in all theee oounttieB mi^ ^ found standing 
tide ty side in the same works. 

The retorte are made of fire-clay, well worked np with the 
leaMine of old pots ground fine, and when sufficiently kneaded 
fte elay is built np on the inside of the mould, and well beaten 
te prevent the occurrence of any cracks or air-boles, jnst as in 
the pots for the glass works; and when complete they 
mm oaretnlly dried and annealed prior to use. 

The l^LgUsh fnmaoe is in the form of a kiln, and is made to 
eantein six pots. These stand on the fioorof the tdln, f f (Fig. 
1), immediately over a corresponding nianber of openings which 
1^ to Faulted ehambers below, in which (being kept cool) the 
tine leadily oondensee. The pot being in poeition, and the short 
pipe p being fixed on, it is now ready for oharging. Some billots 
of wood are placed over the hole at the bo^m, npon them a 
qnantity of ooke, end then the osloined blende in four separate 
panda, alternating with layers of ooke. The lid B is then put 
«■ aad Inted down, and the fumaoe is heated. Froaently a 
brownidi-oolonTed Amo issues from the pipe d, which afterwards 
nhawgrn to a light blue, and whiob is indioatave of tho xino 
oeamenoing to come ovor, and of the time having arrived fox 
flxfaig on the long pipe B, to prevent its becoming dissipated. 
Balow this a toy is put, into whiob the oondensed sine falls in 
a gentle meti^o shower. When the drops mooeed each other 
reij slowly, it would involve too great a waste of fuel to oon- 
tisM the operation. The whole is nsnoUy extraotod in somo- 
tUng less than three days from the time of chsiging, and the 
reanlt, if an average quality of blende is used, vrill be about 
ISO lb. of metal trim each of tho six pots. 

The Effiesion fnmaoe is square, with a long narrow fire-grate 
nmniqg through the middle of it, below the level of the floor ; 
with the furnace-door at one end, and the ohimnoy at the other. 
On eaoh aide of the grate, with their books, o, towards the fire, 
stands a row of twelve of the retorts shown in Fig. 2, and t]^o 
fluea are so arranged that the fire passes all round and orer 
the tweniy'.fonr retorts before entering the ohuuney-stook; the 
whole of tlie retort, down to tho junction of tho nuzzle P with 
the oendenser e, being endlosed within the fumaoe. In this 
ease eaoh charge is worked off in twenty-four hours. The first 
four ore oooupied in raking oat the remains of the last, and 
in re-ohsrging the retarts, during which time the fire is a&owed 
te ^aokeu : it is then got up to nearly a white heat, and rnsin- 
tafaied at tUs until the ojieration is about over. The volatilised 
. a^ paesos through the nozzle and the condensing tube into a 
teotiver below, as already described. Eaoh retort yitids on on 
average about 24 lb. of metal. 

13ie Belgian furnace is again quite differently arranged. As 
scnnetimm as ninety of the little T6t(^B (F^. 8) ate 
Imaged in rows one above another, the front of the fnmaoe 
being fumitiied with a series of shrives, with a ooxiesponding 
aetak at tha lMek for them to rest npon; the fire-grate is im- 
madiately below, and tho heated gaaM pass between all these 
rows of retorte before readhing the fine at the which leade 
to the ohimney. Die apaoes between the retorts in front axe 
fllM «q^ witii elay, to prevent the eseape of tiie heat in that 
' dfrMtkm 1 ^,^ Iwok ot tile fomaoe is solid. They are often 
baSt back to book, M a matter of economy. Tbe xetorta axe 
ohoxied every twelve hoqn, and the fewer onea, being cxp e e e d 
te a,]imoh greater heat titan ^>npper rows, reerivea mneh 
laapr okiaqra than tiie latter. Tbe aim k aoit oidy oondenaed, 
bad aifritcidlyaoted in theraotiver (Fig. S), the end of whkh is 
aanilytiilmefi lor that pnrpoae; . . ■ 


Hie rongh zinc obtained by these aeveml prooMsea han te be 
re-mrited, to be purified and made into ctikee. This is dome in 
iron pots; tiie zino ie well stirred, aad tiie scum whidh floats 
npon the surface is carefully skimmed off, aiter which the metal 
is poured into moulds. If it should oontain any lead, it is allowed 
to stand for some little time until it eoola down te near tite 
solidifying point of zino, when the lead will eoUeot at the bottom 
of the pot. 

OadmiBin ia very generslly to be found in the ron^ tine, but 
it k easily separated, as it k a highly volatUe metal; airi 
that k neoessoiy, therrioxe, k tb keep the zino in a molten state 
for a anffioiently long time in on open fumaoe. 

MetoUio zino in cakes or ingots k known oommaroially under 
the name of spelter, and as anoh it k largely exported to India 
and elaewhere. 

It was only about the beginning of the present oentnry that it 
was found poaaible to roll zino into sheets, beoanse it is highly 
oxystalline, and only possesses a slight degree of duotilily. Itk 
brittle under the hammer both at tiie ordinary temperature and 
at 400*’ Fahrenheit, but between the boiling-point of water and 
800° Fahrenheit it k suffioientiy tenaoions to be rolled out into 
eheet or drawn into wire. Thk dkoovory was of no little 
importance, aa the value of sine is so moderate as oompared 
with the other metals which ooold be treated in the same way. 
Acoordingly, sheet zino is now very largrely used for roofing, and 
making gutters, spouts, and pipes; and it has this great 
advantage over oopiier, that the slight oxiAition which soon 
takes pl^ over the surface perfectly protects the metal below 
from the atmospheric influences; so that as for as exposure to 
the weather is ooncemed, it will remain unchanged for an almost 
indefinite xieriod. It has also the advantage over lead in that, 
being harder, a mneh thinner sheet can be used; and that the 
oxide does not cause water that is exposed to its influence to 
beomne poisonous. For these reasons many domestio utensils 
ate made of zinc, though it cannot be conveniently used for 
any purpose in which it might be subject to high temperatures. 
Although the prioo of the material and cost of fixing is more 
than double that of the ooarse aaphalto felting used for roofing 
pmposes, it k far oheaperr in the end where durabiliiy is re¬ 
quired, as the metal will not require renewal for many years, 
and the constant application of tar whioh k required to keep 
the felting water-tight is altogether dispensed with. 

The valuable applioatioas ri zino as a constituent of useful 
alloys have already been described under the headings of iron 
and brass; bat there are several other minor uses which must 
not bo overlooked. 

Both the oxide and the sulphate are used in medioine; the 
oxide k also need sometimes as a snbstitato for a lead salt in 
the memnfantore of crystal glass, and in colouring pottery. 

It is also employed in the place of lead in the manufacture of 
painters’ oolours, and it is much to bo recommended on aooonnt 
of its harmless character. Tho oxide of zino is prepared in 
America for this purpose on a very extensive soale, by rednring 
tho ore in reverberatory famaoes, and burning the zinc.vapour 
which is evolved, the light fumes from which ore carried into a 
chamber made of canvas which is kept moist, and on tiie inner 
surface of which they are condensed in the state of oxide. 

As pore zinc melts at about 800° Fahrenheit, and k very 
limpid, it forms a eonvenieut material for making large eastings; 
the edges and otiier fine ports will oomo out veiy sharp from the 
mould, so that bnt little subsequent trimming np will bo 
neoeasory; and by artificially bronzing it, an agreeable oolour 
can be given to ite surface. 

There is one very important application of zino vrhioh hoe 
been, reserved to ihe last, b^nse it k of a totally different 
oharaoter from the rest—^vk., its use in rieoteioity. It k the 
moat eleotrioally positive of all the metak that can be oon- 
venkntly nsed, aad acoordingly it finds its plaoe in every 
form of galvanic battery that hM been brought into praotlori 
nse, from the original voltaio pile down to tik very exte^ve and 
elabotate appMatua deectibeAi& the first paper on the SUeotrie 
Telegraph.” For the negative poto different inventors have em¬ 
ploy^ voxioiu metals, si^ aa ooi^ex, silver, pktiiram, «to*, bnt 
in every ease tine is adopted as positive. Hie mstsl ier 
thk purpose shonld be os paMM possibte, sad vrtil rolled, se 
-le to be oompaot aad bet fMm hake; trhkh vrooU tend teas 
ivTegakxeonacntptfenottiMimeM; and teaderiMoasaaxyamexe 
faeqiwat renewal of the plat s s . 
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OPTICAL INSTRUMENTS.—XX. j 

BT BAJIBBI, HiaRLBT, F.a.8., BXa j 

AETWIOUt SOUBCaS OF MaHT (amtinwed). j 

Fhologmie Arrangements .—Before loaring <ke mbject of 
magnMiam and zine light*, it may be as well to pnt on record, 
ae mg^gtive to experimenterg, oertaiii obeiuioal meang of 
generating intense Hghtg, which, however, as yet have only 
been need as leotnre-room experimente, and not as practical 
applioatione. Thos, by digesting metallic zinc in iodide of 
ethyl, we obtain a Tola^ Boiiid whieh tahes fire q>ontaneonaly 
in ^e air, and is known to. obeniigts under the name of."zi^ 
ethyl." It CM be distilled in an atmosphere of hydrogen, and 
if this gas be node to pass ibrongh the lignid it will carry o& 
some of the zino-etiiyl, and whan ignited will bum with a niag> 
nifioent white flame. It is probable that ordinary illuminaiang 
gas would answer as well as hydi^oflcn fw this experiinent. The 
light produced in this way can be employed to take photographs, 
Imt its actinic properties are not equal to the effects placed 
by burning magnesium. Qf the same nature is magnesium 
ethyle. Dr. Lyon Playfair made the suggestion to me of dis¬ 
solving magnesinm ctbylo in -petrolenm, and burning it in a 
snitablo jot. As with magnesium and sine ribbon, wMte douds 
of magnesia would bo produoed during oombostim. Then we 
have the ehloro-chromic U^t,. Tins is ptodnoed. by passing 
dry hydrogen, or oarburotted .hydrogen, through the Taponr of 
chloro-chromic acid, and burning the inqiregnated gas with a 
steatite burner. Chloro-ohromio acid is easily prepaid thus:— 
Fuse 17 parts of biohromate of potash with 10 parts at common 
salt, and pour out the mixture upon a slab of oold marble. 
Break into lumps, and distil with about 40 parts, by weight, of 
sniphnric acid. Take cure that the vapour given off is propcvly 
disposed of, and not inhaled, as it is very irritating, though not 
so much BO as bromine vapour. T'laco the resnlting ohloro- 
ohroraio acid in a small 'Woulff’a bottk, or, what is bettor, a 
Wonlff’s orrangoment made out of a oap]^, wide-mouthed 
ethsr bottle, in which a cork fitted witii an ingress and 
egress tube is made to replace the glass stopper when required 
for use. The iugress-tube is connected with « reservoir of 
hydrogen, under a euflicient pressure, by india-rnbbet tubing, 
in the course of which a chloride of oaleinm drying-tnbe is 
inserted. The ingress-tube should be inserted so as jnst to 
I'saclt the surface of the ohloco-ohromic add—not deq>ly in¬ 
serted in the liquid, to bubble through it, hut simply to sweep 
away its fumes. The egress-tube is fitted with a stMtite fish¬ 
tail humor, or small incorrodible argand burner, us the fnmes 
attack moW. The ohluro-ohromised hydrogen bums with an 
intense white light, which gives off elonds of oxide of Chro- 
miom; it cannot bo burnt for long unless connected wiili on 
np-dmnght. Dr. Monokhoven speaks of biuniag this flame " in 
a current of oxygon; oxide of (^romium ie produoed at a very 
high temperature, and at the same time a Same of snob extra¬ 
ordinary cliomicsl power that chloride of silver paper held at a 
distance of eight inches blackens sensibly in thirty seconds, or 
ahoui as quickly as in full dayliglU."* Chloride of titaninm 
treated in the same manner gives a bine flame of extraordinary 
chemical power. In 18031 exhibited, at a lecture at the Society 
of Arts, an intensely brilliant and actinic flame, by paeeieg 
carbnrotted hydrogen through a long column of bisdphide of 
carbon vaponr, burnt in a flat argand burner four inches wide, 
like those previonsly described, the famos given oS (in this 
case those of sulphur) were the drawback to its utilisation. As 
a lecture-table experiment it is vwy striking. 

Buds Light .—In this anangemont oxygon is introduced into 
the centre of an argand burner, thus replacing the ordinary, 
current of atmospheric air. The argand burner may be supplied 
with oil or house gas, and ihe result is a brighter light than 
is obtained nnder ordinary (nroomstanoea. It is believed that 
the " oxy-hydrio light ’’ recently exhibited at the Crystal Pelaoe 
is a modification of the bade light arrangement devised and 
named by Qeldeworthy GuAiey. Onmey’e anangeraent alflo 
emhtaoed the system of eoncentrio rings of house gas, witti 
strong up-^nghte of air brought into sontaot with 6aeh 
of flM, by means of eones of glass and ohimneys, disposed to 
the bMt admittage by oareful experimeint, and ktge metullio 
rcfleotofni plaeed over the dunmeys just above the hrilliauC «ow 

* FketegrapMs flMMg't Jewiiel, p. IM. Deesmtsr letb, 1869. 


of white light thus produced, so as to cast it downwards. The 
term "bade light” is, however, usually'applied to the firsts 
arrangement, where oxygen is made to replace a simple eupply ^ 
of atmosjfiieric air. 

Argand Lamps. —In the burner invented by Argand a oolniin 
of air is introdnoed into the centre of a lamp flame, and an np- 
dianght created by means of a chimney, the length of whieh is 
adjnsted to seenio perfect combustion. This priuoiple of 
bnmer may be arranged to consume gas or liquid. If spirit or 
oil is consumed, a wick beoomes necessary. Wicked lamps may 
be arranged under two heads—“ Suction Lamps ” and " FiWBSnre 
Lw^s/' Suetioa laaspa may afoan.be divid^ into two groups, 
viz., “ Simple Snetion Lampe,” whOToin the wick deecends to tho 
bottom of a simple reservoir, end eonseqnonf ly the capillary aotion 
of the wiok has to raise the liquid to the flame from on over vary¬ 
ing level; and “Fountidn Lamps," wherein tho spirit or dlis 
rai^ from a eonstant level by means of a hydrostatic arrange¬ 
ment of the reservoir. “ Pressure Lamps ” force the oil (for 
whieh this form of lamp is onfy suitable) by means of a pump, 
drivon by doekwork iu Corael’s lamp, and by a rack and coiled 
spring* in the Moderator lamp, to the top of the wiok and tiie 
verge of the flame in greater quantity than can bo burnt, and 
so cause a constant overflow into the reservoir beneath, which 
prevents the rapid ehnrring of the wick, and less heat being 
oondnoted away from the flame by the mctal-work. To increase 
the liquidity of oil, the reservoir, iu the form of a ring, has been 
ploood uonnd and above the burner, as in Parkei'’8 and tho 
Sannmbra lamp. To bring the air in more immediate contact 
with the eaterior sazfaee of the fliame. a thin metal cone has been 
employed. To throw the air into olMcr contact with the inner 
edge d the flame, an inner tube has been inserted in the centre 
of tho aegand burner. When a great body of hght is required, 
as for lighthouse purposes, double concentric wicks have been 
employed. To avoid danger when light hydro-carbon oils are 
nqpd, a non-oondnetor of heat—snch as boxwood—has been 
inserted between the metal-work of the bnmer and tho in¬ 
flammable q>irit, as in Young’s Vesta Lamp. To prevent an 
ovRflow of more than a sms^ imrtion of liquid in case of a 
lamp being overturned, an inner wall has been inserted in 
Silb«’s simple snetion lamp, so as to isolate the mass of petro- 
kna from tiie wiok. 

Tho general prineipleB of construction of argand burners fur 
oonsuming liquids may he thus summarised under these four 
beads:—1. A eonstant and steady supply of oil or spirit at the 
exaot rate of oonsnmption. 2. The means of mljnstiug the flame 
to tho point of peifert oombnstion. S. Tho adjahtmont of the in¬ 
terior and exterior currents of air upon tho wick, to ecouro 
perfect combustion, according to tlm naturo of tho substance and 
thOySize of the borner employed. 4. The disposition of Die 
roseiroir, so that its shape or position shall not interfere with 
the proper distribution of tho light emitted. 

Having summarisod the general priiieiples of construction of 
argand burners, I purpose describing a type of each form 
suitable for hy^o-carbnn spirit, oil, solid painfllno. aud gas. 

Hydiro-earlon Argand Lamps. —Volatile pnraflhio oil with a 
speoifio*gravity o^ 0‘700 to <l-865, heavy paraffine oil with a 
spooiflo gravity of 0'8(S1> to h'fiOU, and solid paraffine, tho so¬ 
cked paraffine wax, with a specific gravity of O'OOO to O-UliO, 
the pr^nots of tho fractional distillation of the crude liqniil 
and tarry matters which come over in the primary distUIation 
(ff peat turf and bitnminons schists, of whieh the Boghead 
eohist gives tho riohost yield, and x>etrolenm, the purified 
natural product of the American cool measures of Ohio and 
Pennsylvania, give lights of great intensity when burnt in 
ptoperly eonstmoted lamps. The, photogenic oils produced 
from various sonrccs, and at different temperatures, that figure 
under different names in the market, though varying somewhat 
as to ohemical constitution, have tlicir speciflo gravity and 
boiling-pointa so close to each other that it Is a matter of groat 
diffioidty to isolate them, to allow of an examination of their 
propertin. 'Ehey ace tolecably equal as to their pholometrk 
value, though I am not aware that any exaot photome^ oom- 
porison has yet been made, or at any rate pnbBahed. 

Though extenrively used in America, and the oonntrios 
of NortiietB « strong prejudice still exists in England 

against the ass of paraffine and petroleum oils, 'nuaspem. 

* This is tensed, teem its Inventor, a “Priest-pninp." 
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^ie&y from a drciul of the asHuined explosire qiuIitieB of all 
Sintxal oils, and in a less degree on the score of the nnpleasant 
o^nr given 6ff more or loss by these liquids. By a eeleotion of 
snn^le samples, and properly constnoted lamps, those draw* 
haoks to their use may be surmounted. Danger can only arise 
froih the employment of mineral oils whibh ignite at low tern- 
pemtnres, as suitable samples may have a matoh placed in con- 
taot vdth their snrfaoe without igniting, and, if spilt upon a ^ 
table and floor, would not become dangerous till vaporised | 
by the heat of the 
room. Danger may 
arise from improper 
storage, fur if left ^pen 
to the atmosphere of 
, a small room any va-. 
pear arising would 
mix with the odr and 
form an osplosive com- 
pound. The sale of 
dnngotone samples— 
vis., mineral oils hav¬ 
ing a low boiling-point, 
the vapour of which 
inflames below a tom- 
puratnre of fl0‘' Fab- 
ronheit—is forbidden 
by the Act of Parlia¬ 
ment of 18C8, except 
nnder proper restrio- 
tions,: nevortbelesB, 
oaro should be exor- 
cisod when purchasing 
paraffine oil,as unsom- 
pwlons or careless 
desdere may be mot 
with.* The unpleasant 
smell is mainly duo 
to impoi'f,.ut'^' eou- 
rstnioted lamps that do 
not offset perfect ootu- 
bnstion, or to oareloss 
trimming and uegloot 
in wiping the oil from 
the metal bnmor or 
rosorvoir. Again, it 
may arise from the 
wick being lumod 
down too low, instead 
■i>f being atynsted to 
what may be termed 
the slandard point of 
illumination of any 
given lamp, when the 
flame would uoither bo 
too high nor too low 
for uffeeting perfect 
siombustiott of the ma¬ 
terial supplied to tlio 
wiok. 

After trying every 
k kind of bydro-oarb'm 
Vkoil that has a charac¬ 
ter for intediity of 
light for Bcieutiflo 
purpeeea, 1 give the 
proferenoe to refined petroleum having a speoifio gravity of 
0‘8P6, and a boiling-pomt about 340° Fahrenheit, as it ia almost 

--,,------- 

* lu the Britedttle to the " Fetrolcuin JLct Amendment" of 1868 
‘'Dinsetifue tek applying the FbMluni Test to Samples of Fetnileum 
OH" art given, and the prescribed apparatus described ; bnt I may 
atole tbat it baa not proved efficient, and an improved inatrument will 
pKibably be imtberised nnder a new Act of Amendment, wherein a 
eesered pstrolonm pan will rq>laee the preeent open anaagement, 
* wUdi ffilovM the va]>(mr aa formed to be watted away by eorrente of 
air puffing ever tbe expoaad eiiriaoe of petroleum, end to oaneiag the 
PlHMSawtRy tect to be very niirffiieble: Other improvemante wUl 
the Abaolttte tempeKtnta.of the petroieum to be more aeon- 
ntWy determined. \ 



inodorona, and does not give off that greasy kind of vapour 
that all paraffine oile generate whw a lamp ii shat np ia a 
lantern for some days, and whioh bedews the, metal-work, 
satnratea the wooden parte, and oreatee a most anbearabls 
stink when the lamp is again lighted—a smell which is ren¬ 
dered etill more unpleasant if, for tbe pnrpoae of inoreaaing 
the density of the flame, one onnoe of oamphor ia added to 
a quart of paraffine, an odour whioh oaxmot be covered by 
the addition of any of the eoented easential oils. 

Hydro-oarbonlamps 
are used for magic Isa- 
tome, pbotographio 
self-rogietering meteo- 
rologioal apparatns, 
eto. The simplest 
forms are those of sno- 
tion lamps, shown in 
Mgs. 86, 87. In Fig. 

87 the reeerroir, in¬ 
stead of being imme¬ 
diately beneath the 
wiok, is placed be¬ 
hind, BO that the 
mineral oil may not be 
heated, as the reservoir 
thub arranged eon be 
placed ontside the lan¬ 
tern, It win be ob¬ 
served that in on ar¬ 
rangement of this kind 
the liquid moat ever 
be sinking to a lower 
level. 

Fig. 88 represents 
one of the most perfeot 
arrangements, the 
bnmer being shown in 
detail in Fig. 89. 

The lamp is adjnst- 
able on a rod like that 
provionaly described 
under the head of my 
“convertible jet.” 
The burner, B, is sup¬ 
plied by a “ fouutaia 
reservoir,” o, the 
two parts being con¬ 
nect^ by a brass tube 
that posses tbrongh a 
boss in tbe adjusting 
tube. The reservoir, 
o, consists of a metal 
cylinder that has an 
opeiung at its lower 
end, whioh eon be 
closed by a bsll'valve, 

V. This fits inside on 
outer cylinder, that is 
attached to '&e oon- 
ncoting tube, and acts 
tbe part of a f nnnel to 
carry the oil from o to 
the bnmer b. The 
reservoir is filled by 
removing it from the 
lamp and inverting it, when the oi! can be poured into the open 
montli at v. vrire tbat posses tbrongh the boll of the vidve 
ia then Mined between finger and timmb, and pulled up into its 
Bookot, wW the reservoir is turned over and qniqkly inserted 
into the outer cylinder; when the ei^ of the wire ^ the ball-valve 
tono]^ the bottom of the tube, the ball is nuMd, whioh allows 
&e oil to flow out, an equal quantity of ait at the eame time 
rising through the oil to the top of the reeerroir, o. As the oO 
is consumed it sinks below the i^pertme of the reservoir, when 
anoUier portion of air enters, and again ajeots m equal .qnantity 
of olkwU^ of oonrse finds its ttrel in tiUreoehBrm the hnmtr, 

B, and so, bytheautomatioaoUonof tUs '^l^fountsla’’reaer- , 
voir,aoons^tIere1i8maintsined. Toseonreaonrrentof airte 
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the immediate aeighbonrhood of the Tolre, an air-tube, a, pasees { 
from Hhs outer to the inner end of the reeervoir, though tfaia 
may be diepeneed with, if the reeerroir ia made to fit the outer 
i^linder looaely, to allow air to paea between them to the month 
cf the TaJve at v. 

The burner io shown in aootion in Fig. 89. w w represents 
the oylindrioal wiok supported in the oylindrioal wiek-tube, 

D D, and adjustable by moans of the raok-and-pinion arrange¬ 
ment, B p. A small tube, T, is supported in the central air-way 
by tlmee pins, A a, placed at equid distances on its outer side, 
lie object of this tube is to throw the np-ourrent of air into 
>more immediate contact with the inner side of the wiok. o a 
represents the gallery that supports the glass chimney, c 0,' 
and u thin metallic dome or cone, x k, that draws the air into 
more immediate contact with the outer side of the wiok. The 
height of the chimney ia a very important point in construction, 
for on that depends the adjustment of the up-draught in such 
quantity and at such a rate os to secure perfeot combustion, 
for, aocording to the proportion of carbon contained in the 
mineral oils, so they require a greater or less supply of air for 
their proper oxygenation. 

If through inattention on this score the' volatilised oil is only 
partially burnt, there will be wasteful consumption of the 
liquid. The unpleasant odour often noticeable with paraffine oil 
is frequently duo to the sumo cause. The diameter and height 
of the chimney iiifluonne tho size, height, and form of the ilamc, 
somctimo.s (;oiili'uetii.g it into a. cone, and then reducing its 
illuminating power. With tho self-samo humor four times tho 
amount of light may bo pi-udiiced, when fitted with a series of nn- 
puitable and suitable chiimioys. Tho point of constant level for 
the liquid below the top of the wiek is a matter of constmetive j 
importaneo. As previously stated, when heavy vegetable oils, | 


I BOoh as colza or rape-seed oil, are burnt, the lamp ia arranged to 
bring a constant and overflowing supply to the verge of tiio 
flame. Not so with mineral oils: with these the level maj^be 
some two or three inches below the top of the wiok, as thn 
objeot in this case is to vaporise tho liquid by means ^ tho 
hot metal of the wi<A-holder or receiver, and so oonvijT it to 
the flame in on almost gaseous condition, heated nearly to tho 
point of ignition before it comes in contact with the air that is 
impinged on the inner and outer side of that flame. The im¬ 
portance of this detail of construction may bo judged of when 
it has been found that by raising tho level of the oil an inch 
or more above the proper point, a decrease of from 80 to 90 
per cent, in illuminating power has ensued. The -wiok best 
suited for petroleum is a rather loosely plaited cotton; this 
should be most carefully out the first time of burning, after 
whieh it is better to rub off the charred portion with the tip of 
the forefinger, then cut off any projec^g fibres with a very 
sharp pair of shield scissors, specially made for lamp-trimming. 
Petroleum poesesees the advantage over ordinary oil that the 
wiok chars very slowly, and consequently gives tho standard 
amonnt of light for a much longer period of combustion. Like 
the Carcel lamp, it might bo need as a standard source of light 
for determining the illuminating power of coal-gas and other 
burners in photometric testing. The pinion P, that raises or 
depresses the wick w, by its action on the racked support k, 
should bn inserted in the wick-tube a little above the level of 
tho reservoir, to prevent any leakage of that very mobile liquid. 

In a paper road hef-’ie the Society of Arts, Dec. 2lBt, 1870, 
Mr. A. M. Silber gave in the following tables the results of somo 
intcrostiug experiments comlnotcd by Mr. Yalontine at the Col¬ 
lege of Ohomistry, on burners of the usual construction, and 
I those made aocording to the princii>les previously described*:— 


TABLE I. -SnowiNG,li.LrwfxATiNn Powrr op Oriotnai. Ahoanr Burners, Conkemino Colza and Petroleum Oir,. 


Orsi RiKiioK OF Lamp. 
(Argund Riiruura.) 


Coho Oil J.ijkt*. 

Lamp 1, consuming colza oil from au a-gond burner, 

wick ^ to ’ ^ of au inch. 

Lamp 2, with impcrfoct cliimner, wick . 

Ditto, with dlfferentlf construct^ chimney 


I’etmleum Oil LiyUa, an onginaUv cotutruefed. 

No. 1 Burner, size of wick to of an inch 

Do. do. do. ... . 

No. 2 Burner,size of wiek same (of French construction) 
No. 3 Burner, sice of wick 11 of on inch 
No. 4 Burner, eiza of wiok l| of on inch 
No. 5 Burner, elzo of wick 1 j of on Inoh 


Illuminating 

power 

ezpreoeed iu 
Bperm 
condloH. 

lUnmiuating 

power 

expressed in 
cubic feet of 
common 
coal g.'vs -■ 

15 uuiilles. 

Hourly con¬ 
sumption of 
oil in grains. 

Cost of oil 
for 

one wcek-s 
consumption 
oi 42 hours. 

Cost of gns 
at 38. 9d. pet- 
1,000 cubic 
feet, for one 
week’s con¬ 
sumption of 
43 hours. 

rropojtioiml 
coft of gas 
and oil. 
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3,X3 

2 91 

— 

— 

3-98 


,'•.32 

1 n 

— 


15-01 

U 

1,775 

i 1 

9 4.') 

1 ; 5-2 

15-67 

5-22 

864 

0 11-8 

9*8fi 

1 : 1-21 

15-47 1 

.*>-15 

787 

0 10-7 

9-73 

1 : I'll 

14-93 

4-98 . 

818 

0 11-1 

9-4 

1-. 1-18 

17-01 

6-67 

818 

0 11-1 

10-7 

1 :1-04 

33-85 


2,145 

2 5 


— 

38-32 


3,4a3 

3 10:* 

— 

— 


TABLE n.— Showing Illuminating Power op Altered ABGi^ND BuRNspe, Conbbming Petroleum Oil, as Compared 

WITH Original Buenebs. 


DzscRipriOR OF IiAxr. 

(Argsnd Burners.) 

Illuminating 

power 

exprossed iu 
sperm 
candles. 

IBumiuating 

power 

expressed in 
cubic feet of 
common 
COBlgaa = 1.5 
caudles. 

Hourly con¬ 
sumption of 
oil iu grains. 

Cost of oil 
for 

one week’s 
consumption 
of 42 hours. 

Cost of gas 
at 3s. 9d. per 
1,000 cubic 
feet for one 
week's 
consumption 
of 42 hours. 

rioportioi,;il 
cost of 
gns and oil. 

No. lA Bnmer, wiok. 

14 

t-cr. 

603 

«. d, 

0 R18 

a, d. 

'0 8-8 

1 ! 0-93 

No. 1 Bnmer (original) wick J to ” . 


.'.-32 

864 

0 11-8 

0 9 86 

1 : 1*21 

Do. find experiment ..... 

15-47 

.V15 

787 

0 10-7 

0 9 rj 

1 : I'll 

Do. (Bltered). 

23-21 

7-74 

705 

■2 10-8 

1 2-63 

1 :0-738 

No. fi Bnmer (originol), samo size as No. 1 (of French) 

14*93 

4-98 

818 

0 11-1 


1 1 1*1^ 

oonetmctlon) . * . f 

Do. (altered). 

31>52 

7-17 

788 

0 10-7 

1 1-56 » 

1 : 0-79 

No. S Burner (original), wiok J j .... 

17-01 

5-67 

818 

0 11-1 


1 ; 1-04 

Do. (altered). 

S8-0 

9-.<» 

1,102 

1 3 

1 5*3 

JL : 

No. 4 Burner (original), wick Ij .... 

33-85 

— 

2,145 



■M 

Do, (altered). 

46-5 


8,008 



— * 

No, 5 Burner (original) wiek 1J. 

38*32 

— 

3,433 



— 

Do. (altered). 

50 


1,965 


- • 
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From the last column in Table H. we find that for Ko. 1 
^mor (altered) the «•] is 35 per oent. cheape^ than gas, while 
W Ho. 2 Burner (altered) it is 27 pw eent. cheaper. 

Jt ia intereetin^ to note that the largM arKonds give, pr^ 
pM%io&all 7 , less light than the einaller-Bized bomeni—a ratio 
whioh is the reverse of that observed in the ease of argand gas 
bnmers. The central air-defieoting tube exerts considerable 
inflnence in correcting this shortcoming in the burners of larger 
eise.' The lai-gcr burners also consume, proportionally, mote 
petroleum than the smaller burners. This is probably due to 
the passing of some portion of the oil iu the form of inooin> 
plotoly burnt or nnburut vapour through the mautlo of ilie flame. 


PHOTOGR AI'ILY.—X. 

By J. C. Leaks. 
rniNTING IN CABBON. 

Fon many years photographers have been steadily working in 
order to produce a process which should remove the one great 
objeotion to ordinary silver-printing—^namely, its wont of per¬ 
manence. Although it is true that i^rints produced by this 
process need not of necessity fade, yet it has been proved in 
praotioe that it could not bo absolutely trusted as to perma- 
nonoe, one print out of a largo butch perhaps fading in the 
oonrse of a few months, while the romiundet continued unaltered 
■for years. This want of oortainty as to the durability of photo¬ 
graphs was of iiouessi^ a great drawback to the art, espeoinlly 
whore it was applied to pari>uso8 of book-illustration, the repro¬ 
duction of works of art or valuable manusoiipta, and was, of 
course, more important as photographs increased in dimension, 
and became proportionately mure expensive. To snob on extent 
had this diffiottlby been felt that tiio sale of ordinary photo¬ 
graphs of largo sixes hod perceptibly diminished, and but for the 
invention of tlm system of printing in carbon, would probably 
have ceased altogether; few ponious caring to purchase a picture 
ooating perhaps some pounds, to which was attached a proba¬ 
bility of loss at an early period. Henoo it bad become impor¬ 
tant, if it was nooessory to save the art, especially in its higher 
branches, to devise some method of obtaining prints which could 
be relied uiwn for permanence, and tide has happily been most 
effeotnally aocomplished. 

Idko all other blanches of photography, the perfecting of a 
carbon process has boon the work of considerable time; and 
many persons have contributed improvements of importapoo, 
the latest being those of Mr. J. B. Johnson, whose proooss, 
termed the autotype, may be considered as nearly perfeation as 
eon bo oximctod for many years to come. Of course there are 
many processes whioh vary in detail; but as that of Mr. Johnson 
is by far the most simple, considoring the perfection of ine 
result, os well ns from the fact that it ollbrs unusual facUitios 
to the amateur, we sliall in this paper confine oni remarks to 
this alone, referring those who may wish for further inforroatioa 
upon this matter to one or mdro of the text-books published 
upon the subject, especially to Mr. G. W., Simpson's “ Printing 
in Pigments.” * 

tiofure proceeding to describe the manipulations required 
in the practice of carbon-printing, it will bo well to ex¬ 
plain in ontUno tbe principles upon which it is founded, and 
which differ so much from those of tlio ordinary silver-printing 


however, aU that is neoessary is to odd to this gelatine some 
oolotoring matter, whioh may be retained by the film in itq vary¬ 
ing thioknesses; when, of course, those portions whioh ate the 
I thickest will represent the darker portions of the pictore, while 
I the ^hter pacta will be altogether dissolved out, all the inter¬ 
mediate shi^s being duly represented by the varioos quantities 
I of pigment retained by the fikn. Iliis is preeisely what is 
I effected in Mr. Johnson’s process. A^m of g^tine, oontaining 
a soitable pigment, is spread upon paper, and is sensitised npon 
a bath of bichromate of potash. When dry, this pigmented 
paper is placed under a negative, and exposed to the action of 
light. Upon removal from the printing-frame the print is 
attached to a suitahlc support, dtuing the removal of the un¬ 
altered gelatine and pigment. A properly prepared paper is 
then secured to the film, and this with the film is, when dry, 
removed from the supporting surface, when the piotore is 
complete and ready for mounting. 

One of the ohiof obstacles to the common adoption of the 
carbon-printiug proooss, up to this time, has been the difficulty 
of preparing the layer of carbonised gelatine, wliich must, of 
course, bo most oorofnlly effected. This, however, need no 
longer stand in tlie way, as the Autotype Company are prepared 
to supply this tissue ready for use at a far lower cost than it 
could be made by the operator. The pigmented paper, us sup¬ 
plied, consists of a layer of gelatine spread upon pa{ior, and it 
may bo obtained of varying tints to suit the subject of the 
photograph. The gelatined side of the paper will bo found to 
closely resemble the mateitol known as American leather-cloth, 
having a dark colour and glossy surfoco. As supplied, tliis 
tissue is not sensitive to light, and in this resiiect it resembles 
ordinary alburaonised paper. It is prepared in long rolls, and 
much larger sheets may bo obtained than those of albumenised 
paper. For use it should be cut to the required sixo before 
sensitising. 

'J'ho sensitising solution is prepared by dissolving in common 
water biohromato of potash. In the proportion of twenty grains 
of the salt to each ounce of water. A snffiuiont quantity of tbia 
solution is to be placed in a flat dish, when the sheets of pre¬ 
pared paper may bo immersed oflo at a time, taking the utmost 
core to avoid the formation of air-bnbbles. Each sheet should 
bo turned over several times, to ensure a uniform action of the 
solution, and sovorcbl sheets may be immersed at tlie same time. 
After one or two mlnutos have elapsed, the whole of the sheets 
may be turned over in the solution, and the one first inserted 
then removed and suspended to diy. It is one of the great 
advantages of the tissue prepared by Mr. Johnson, that this 
drying may bo accelerated by heat, while in many of those 
heretofore prepared the application of heat simply rendered the 
film more soluble, and the greatest difficulty was experienced in 
keeping the pigmented gelatine upon the paper at aU, the whole 
coming off in a sludgy mess, and leaving the paper quite bare. 

This difficulty is not likely to occur when Mr. Johnson’s pre¬ 
paration is used; but in the case of a tissue such as we have 
mentioned being met with, wo have found that it may be 
remedied by ,/loafing the sheets npon a bichromate solution of 
twice tbe strength mentioned above, and with the gelatined 
surface upward, so os uot to touch the solution at all, the film 
being allowed to rooeivo the biohromato by absorption. In this 
way the most soluble tissue may bo sensitised without injury to 
its surface, although the diffionlty of drying will, of course, still 


that the operator must abandon those lattmr at tbe outset. It i 
A has been l^owu for many years that gelatine, after having been | 
>^4nBpK)gnated with bichromate of potash, is to a certain extent 
sensitive to the notion of light. This sensitiveness is not uani- 
fosted in the same way as upon the ordinary silvor-sonsitised 
paper, by a darkening of the film, hut by the foot tiiat the por¬ 
tion npon whioh the light acted becomes insoluble, while 
tliat wMob has been protected from tins action remains, like 
ordinary gelatine, freely soluble in warm water. It stands to 
reason, therefore, that if a film of gelatine, sensitised by bichro¬ 
mate ot irptash, bo placed under a negative and exposed to light, 
seme portions will be rendered insoluble, while others may be 
removed by washing in warm water, the result being an image 
in varying tiiickuesees of-tlte film; the highest lights, whioh have 
been entirely protected, being removed altogether. This, how¬ 
ever, wonld be simply on image in relief, without light and shade, 
whjkiht*kltiuidgh useful in some processes, would not in itself | 
b/m a pidturo. In order to form a piotore in light and shade, 


romoin. It need soaroely be observed that the sensitising pro¬ 
cess must be oonducted in a darkened room, and as the biohro- 
mated gelatine is very muoh more sensitive than albumenised 
paper, greater precantisn must be taken to exelude all light 
daring this proooss, os well as during the drying; in fact, the 
more nearly the tissue is treated as a sensitive oollodionised 
plate, the more perfect will be the resulting print. “When the 
tissue is perfectly dry it will be ready for exposure to lig^t 
under tbe negative. 

Before plaoing the tissue npon the negative, however, a 
border of opaque paper should be ImBted round its edges, in 
order to secure the margin of the print from the action of light. 
This is necessary in order to seouro a margin of unoSeoted 
gelatine, wliidh may serve to seonre the film to the plate during 
the development, or rather the removal of the unaltered griatine. 
This precaution is absolntely neoessary, or the film wU*iAeak 
up during the prooesa. ’The sensitised tissue must, therefore, 
bo cut 9 f snffloient sise to aHow of this nnedtered margin being 
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Uft, or the deTidopment aaiinot be oendaoted in eafety. 'The 
OKpoBttce of the tiaeae to li^ht may be made in the nsiial manner, 
'but of OOnree Ibe progreas of the print candot be watobed as in 
ailver-printing, aa there ia no apparent change in the film. It 
mayi'tlierefare, be anppoaed that the prodnotion prints by 
thia process is merely gaeaa-work in this partioular. Snob, 
hotrerer, is net the case, aa the action of light and the oonao- 
qnent'progress of the printing may be most accurately deter- 
mined by means of the aotinometer. There are aereral forms of 
this inatmment, any of which may bo used, but that invented 
by Mr. Johnson seems to possess in a liigh degree the advan¬ 
tages of mmplioity and oertsinty. This little instrument oon- 
sists of a tin box, with a small slit in the lid about an inoh in 
length end one-fourth of that in width. The lid of this box is 
painted the same colour as that assumed by alfonmenised paper 
Upon exposure to light. Inside this box is arranged a slip of 
Ckurier’s eensitised albumen paper, by moaus of a simple 
mechanism a portion of the paper is brought under this aper¬ 
ture, and when exposed to light it of oourao quickly darkens to 
the colonr of the painted lid. Tho method of applying this to 
oarbon-printing is oxtromely simple. Thus, supposing we have 
a very thin negative to print, the sensitive tissue being placed 
upon it is the pressure-frame, the whole is exposed to light in 
tho usual manner. A.t the samo timo a portion of the sensitive 
paper in the aciinometer is brought under tho aportuio in tho 
box, and exposed side by side with the print. As soon as the 
paper has assumed tho ehueolato colour, matching with the top 
of the box, tho print is removed from the frame; and if, upon 
development, the exposure is found to liavo been correctly 
timed, the negative is marked with a figure 1. tihould it, how¬ 
ever, require longer or shorter exposure, this fact is indicated 
by a figure in the margin. Thus, if two or three tints of the 
paper lie required, tho negative is marked with the number of 
changes in the actinomoter, and printed accordingly. By the 
adoption of this uiethed prints may be made with absolute oor- 
tointy of correct exposure, provided the correct timo nooessary 
bos been marked in the first iiistunee. In this particular the 
carbon process is superior to tlie ordinary method of silvor- 
printiug, as no allowance has to bo made for the somewhat 
irregttW rednetion which occurs in the fixing and toning baths 
nsually employed. 

The exposure to light having been .carried out as above 
described, the next operation will bo that of attaching tho film 
to some anitable temporary support during tho development of : 
tho imago; which latter process, as we havo before oxploinod, ' 
consists of removing the unaltered gdutiiiv.* and pigment. For 
this purpose a sheet of white gronnd opal glass will answer, or 
stiU better, one of the porcela^ “ states ” in common use. Mr. 
Johnkon nses finely-ground plates ef zinc; and, m fact, any 
material having a white substanoe, that is insoluble in water, and 
has a slightly roughened surface which may servo to facilitate 
“the adhesion of the film, will answer purfootly. before nttooh- 
ing the film to either of those surfaces, they should be cleaned, 
and rubbed over with a dilute solution of wax and resin in tur- i 
pontine, the merest trace being allowed to remain. If this pro- 
miution be neglected, tho film will probably adhero so closely 
to the plate as to defy removal, except by the destruction of the 
print. The plates being thus prepared, tho prints should b^ 
immersed in cold water. Yory shortly tho curling inwards, 
oaused by the expansion of tho paper, will bo succeeded by a 
tendency to curl outwards. At this period the print should bo 
removed' from tho water, and placed gelatine-side downward 
upon the supporting plate, which has first also been wotted. 
’ 1^0 snperflnous water should then be removed by scraping the 
-paper down upon a plate with a soraper or “ squeezer," made 
by eeenring a slip of india-rubber between two slips of wood. 
A. little time may now be allowed in order, that the print may 
absorb moisture, when it will be found that the pro^ adheres 
t^htly to the glass or meted plate. No injury is efieotod by 
some little delay in dweloping the prints after they have 
teeobed this stage (say tmeo or tour honrs), but they should not 
be allowed to become dry. 

The plate with the print attached may now be immersed 
in water, raised to the temperature of about lOO degrees, 
or warm aa the hands oan comfortably bear. In a few 
mihates the coloured gelatine will begin ^ ooze ont at the 
edges of the paper, whioh will also show signs of detaching 
it^ from the plate. In etfenting this detachment, on no 


aooonnt must any force be nsedt as that would injnro the im- 
prassion. Hot water may be applM a amnd time if leqniz^ 
but this is seldom neoeaeaty; a Uttie patienos will nsuaily be 
rewarded by enooeae. After, zemovid of the paper, the plate 
holding the film should bo freely riased with warn water,jrhea 
tho picture wiU gradually emerge £ram the. slndgy maes of 
naaltered gelatine and pigment. This waahisg sh^d be ooa- 
tinned until the water flows clearly off the print, aboadng that 
the whole of the unaltered and consequently eolnble gelatine has 
been removed. There is room for the disph^ of some skill and 
tact in effecting this process of development, as a print whhfli 
ehowe any signs of nnder-exposnxe may be oben saved by re¬ 
moving it from the hot water and plunging it into oold watojjtor 
a few minutes; afterwards oontinuiug carefully the action with 
water whioh is only slightly warmed. On the other hand, aa 
over-exposed print may be reduced slightly by continuing the 
action by means of very hot water; and tho operator will find 
that this simple process of development is easily modified, as 
may bo required by tho condition of the print. 

.Should the exposure have been oorrectly timed, and the de¬ 
velopment properly effected, the plate with the picture npim it 
shoidd be allowed to become dry before proceeding to transfer 
it to paper. For tliis purpose a properly prepared paper is 
required, which is supplied by the Autotype Company. The 
transfer process is cosy if the proper paper is used, and due 
precautions employed iu its nse. One side of the transfer 
paper is coated with a eubstanco which seonros the perfect 
adhesion of the film, and whioh becomes soft after soaking in 
boiling walor. Tho sheets should, therefore, be cut to tho 
requisite size, and immursod in boiling water in a flat dish, 
until the coated surface becomes soft and ptdpy. Having 
arrived at this condition, it may be laid wet upon tho film, and 
smoothed down with tho scraper as directed before. When the 
l)aper is thoroughly dry (and on no account before), the removal 
from tho plate may bo attempted. If started at the cotners, the 
film will usually strip off easily, in some cases spontaneonsly; 
when, of course, the opomtipn is complete, and the print maybe 
mounted in tho usual manner. 

It frequently hapi>ens that carbon-prints present a dnll 
surface, whioh is ofl'ensive to those who have brnn need to the 
high gloss of albumonisod paper. In this case the defect may 
bo remedied by applying to the surface of the finished and 
mounted print an encaustic paste, made by dissolving white wax 
in benzole to the required oonsistonoo. This paste shonld be 
applied by means of a soft linen rag, and afterwards the surfaeo 
may bo polished with a soft silk bondkoruhiof. In conolnsion, 
wo may remark that, although in description this printing pro¬ 
cess may seem complicated and tedious, it is not found so in 
practice^ and the undoubted i>ermaneuce of the proofs 
wmld well compensate for extra labour, even if this were in¬ 
volved, which it is not. , 

A n 

SILK CULTURE.—VI. 

• By AiaxxNDzn Wallack, M.D. 

CULTUEE Ol' THE BOMBYX yAMA-MAl IK JAPAN. 

Inasmuch os tlid. culture of the Boinhyx Yama-Mai in Europe 
is still somewhat of an -experiment, notwithstanding the partial 
success whioh has attended the efforts of the Boron de Bietton 
and others in Europe, and aa it is pursued in Japan on a 
definite method, it will bo desirable to reproduce hero the best 
existing evidence on this point taken from the Third Kep<^ 
by Mr. Adams (of ber Majesty’s Legation iu Japan), cm 9Dk 
Culture in Japan, being an account of a tour made by him in 
those districts where tho culture of the Yama-Mai is. systemati¬ 
cally carried on:— 

“From Shimonita wo proceeaed over the Wami Pass to 
Owakd, in Shinshin, and thence by the Nakasondd over the 
Wada Pass to Lake Suwa, from there by Sliiwojiri to Matsn- 
moto, our object being to gather information resimotiug tho 
hombyx Yama-Ma’i, or oak silkworm, whioh is reared in the 
open air not for from the latter place. 

“ Wo arrived at Matsomoto on tho ICtii of Jnne. It is a castle 
town of over 3,000 honses, lying on the oaetem side of a broad 
level valley of high olovatiou and light soiL Immediately to 
its north a low range of hills runs partly aorossethe iklley, so 
that at first sight tho town appears to bo situated at the nqrth- 
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OHtt eonur of » ^tain dorai w twdve inSei in lentrtib, and oix putionlaar wat<di Beemi to bo kopt, nor nny tiuerinc from i 
f wiMPron in bnndtb, Buronndod by high bilk. IFn^er down, to be appr^nded. The teal tbioTei appew to be epenowB 
the Talley n>opeBB, bnt ia nariowar; and abore the bilk, wbiob and othw birds, and tbongb some eoareorawB are pnt np, and 
on tiw ireatatn nde rise abruptly from the plain, a snowy range guns ace said to be lot off at tunee, no secioas attempt ia made 


faanite mountaina is rinble, dividing the province of Shin* 
i from that of ffida. 


to pnt a stop to snob ravages. The leaves, too, are infested 
wi& other oaterpillars, and we were told that red ania, tiumgb 


“ At Matsumoto we were informed that we sbonld have to not prevalent in this pactioalBr looalii^, did damage. Blai^ 
pcooeed twelve or fonrteen miles farther along the valley, in ants, too, were noxions when nmnerous, bnt nothing was done 
order to reach the eentre oi the most favoured district for the to prevent them from going np into brees, where we saw them 
onltnre of the yomo-lfai'. Aooordingly, on the following sometimes swarming about the Yama-MaS in great numbers, 
ssoming we rode along rough roads and aoross swift torrenta In fact, in this, as in every obter matter, tiie general jninmpk 
v^oh ore often impaesabk, till we reached the village of of letting things take their oonrse, and of leaving the kene to 
Fnnunoya on the opposite or western side of the vnlley. There Providence, was plainly and painfnlly manifest, 
we pnt np at the honse of a head-man, Moknzagemon, himself “ The Ians were mostly in the fonrth and fifth stages, and it 
a rearer of the worm, and from him, as well as from Benjird was a onrions and most interesting sight to watdh them oling- 
and Tosagemon, of the viilagos of Tatoashi and Aragama, we ing to the branobes and leaf-stems, and to observe how oom- 
gamed mnoh iutereBiing informatiion. Their aoeounts ialliod pletely tfamr oolonr corresponded with the leaf on whieh they 


entirely in enbetanoe. It ap¬ 
pears that there are sixteen 
viDagee, the inhabitants of 
which form an assooiation 
called the 'Hatsnkawa game,’ 
and are entirely eega^ in 
the onlture of the yamo-JIfat; 
that this onltnre was first 
initiated about forty yoocB 
ago, and sinoe then had gra¬ 
dually taken greater dimen- 
eions, till the number of oe- 
coons annually sold by the 
ossooiatiou alone is computed 
at net loss than 20,000,(.00 
The throe men stated that the 
number whieh they severally 
roared each season averaged 
170,000,100,000, and 80,000, 
the prioo of ea^ ihonsand 
being estimated at about four 
riyos (equivalent now to nearly 
fonr dollars); also that the 
cocoons, as well as the silk, 
used to be bought principally 
by morohants whs came from 
in the province of Mine. 
Kow, eustomers also arrive 
from Eehisen, Oahiu, Eohigo, 
Yoneiawa in Dewa, and from 
other places. The best sort 
of sUk is sold, os we are in¬ 
formed, at abont 840 riyos a 
pionl; the inferior sort at 
about 530 riyos a pionl. A 
stout kind of netting is monu- 
faetured from silk, and it is 
also made up with other raw 
material, such as cotton. 



Fig. 8.—CAan ov nAnuou axaii-s ojn wuiou the euos of 

TEE BOKBTX TAUA-EAli AKE DEPOSITED. 


most delight to feed. Their 
bodies were of a pure and 
almost transparent 
with a bright line running 
down the sides, ending ia a 
brown patch, the two qnidk- 
silvor-Iike spots on each aide 
being plainly visible. Bimi- 
nntive blue spots were also t» 
be seen at intervok along the 
body. So muoh did every 
colour and streak resemble 
the plants to which they clung, 
that it was some time before 
our eyes became snffioienily 
prootised to diaringnish them 
at all withont close examina¬ 
tion. The annexed sketoheH 
(Fig. 7) will give an idea of 
the larva) upon the trees. 

“ The eggs of the Tama- 
Mai are deposited by the 
female on the bars of cages 
made of plaited bamboo strips, 
of the bell-like form deline¬ 
ated in Fig. 8. This k pro¬ 
bably towiffds the end of July, 
and the ooges are hung np 
one under tiio other, ia rows 
of ten, under ihe eaves the 
roof, where ventilation can be 
Booured withont exposure ta 
uun, rain, or smoke. 

“ In the tenth month (No¬ 
vember—December) it kgene- 
rally the onstom to take the 
eggs off the cages with tim 
fingers, and place tbesn in 
hempen trays of oblong form. 


“CloM up to the western ranges of hills are a number of ; with wooden rims abont three inohea high. Care most be observed 
plantaticms of the ' Kunogi,’ whuA is considered by the rearers i that the eggs ore not crowded one upon another. Hie tny» 
of Fummaya and its neightonrhood to be the best food for the i are pkced upon the verandah. A cold atmosphere is essmitkl 
Fmao-lfaii. Its leal is prononnoed to be that of the Quercus | at this stage. Sometimes the eggs are not detached bom the 
lerrata. The worms can he fed on other varieties of oak- cages, and the latter are placed in a shed ontside the honsee, 

S kavHi hut tiioee of the ‘ Kunogi' alone are used for tiie pur- where good ventilation can bo soonxed. The walk of the shed 
pose in thk diatriot. The plantation at Fnmmaya is less than ore formed of a coarse matting composed of reeds, and the roofa 
a square mile in extent, and is thioMy covered with plants of should be constmoted of snob matanal that no rain can pene- 
ihe speciea ia question, some mere shoots of a year's growth, trate inside and injure the eggs. 

efUten vatying bom one or two to five or six feet, and others “ Abont the end of the second Japanese monih (say the be- 
even taller. These plantations were said to extend at intervals ginning of April) the eggs are collected in small hempen bags, 
for a distanoe of fiftoen miles along the west side of tiie valley, which are placed in boxes pierced with holes, in order to admit 
The most approved method of propagating the ' Knnogi ’ was of proper veni^tion. These boxes are either suspended ont-of- 
stated to he by sowing ssed in a separate piece of ground, and doors amongst the trees, where no snn oan reach them, or kept 
tiien tal(;ng up the young plants and tra^erring them from in a cold o^ar, where they are put into deep holee dug in the 
Nwse mg aer i e a to the pkntatkms. We were told that they are ground. This operation is only necessary whsi; the hatobing 
eat down bloee to the roots every three or five yean, in order has to be retard^, beoause the buds of the * Kunogi * have not 
Oet baeh shoots might be given out The soil is light and oome out. The eggs, in short,,have to wait for the huda, which 
Tsty eudy* The region k epld, and the leaves are <rftmi an expected abont the ^hiy-eighth ^y oftsir the Japsneae 
by the boat. The land bdottgs to peoeants, who let it new year (say at the end of AparU or in the first tea days of 
oirt ft hM to different breeders, and there k a sort of rough Hay), though they may bo muoh ,kt«r. As eocsi, however, as 
samOkiBoe, <espeeially' just sit the period of spinning, bnt no the buds have oomo out, all the eggs, whether bom outride or • 
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from the odlu, are brraglit into the hoose, and fixed with i 
puts made ot barley, or, still better, of buckwheat, on the ' 
mddle of sUps of paper five inohes long and a quarter of an 
inch bro^. About ten eggs are placed upon each paper, and 
^ the aSipa ate then taken to the plantation and tied to tho 
braaehes of the * Ennogi ’ in a single knot, which the nature of 
Japoneae paper readily admits of, the two ends standing out at I 
ri^t anglM to the branch, ^e paper thns surroands a small 
Motion of the tree, the eggs lying on tiie external surface. Tho 
slii» are placed in such a manner that tho eggs may have a 
northern aspect, and not be exposed to tho rays of the sun. 
One dip is sufficient for a small plant; two or three may bo 
attached to a large one. In four or fire days the hatching will 
commence, and it continues for fire or six days more; the 
jonng oaterpillors, on learing the shells, immediately crawl 
from the papers upon the ' Kunogi,’ and seek the leaves. We 
saw a number of these papers still remaining on the trees as 


the at^on of a charcoal brazier, ore reeled. Those which rattle 
on being shaken are considered to be in good condition, and* 
euoh of them as ate to be teserred for eeod are placed in 
trays, and moths emerge in about twenty-five days from 
time of spinning. The remainder are of eonrae aubjectedf to 
heat, in order to kill the ehryaalids, and are reserved for 
reeling. 

“ The moths emerge between four in the afternoon and night, 
and the great majority of the first moths ace maiee. The pro¬ 
portion was stated to ns to be 300 males to 10 females, Hie 
males ore then secured in the bell-shaped cages already men¬ 
tioned, and as the females emerge, they arc distributed among the 
males. It would be best, wo heard, to place but one oonplein a 
cage: in practice, however, eevend couples were put into the 
same, otherwise there would not bo sufficient cages. One of tbe 
men said he had as many as 500. The bottoms of the cages 
arc then closed with paper. The coupling commences in the 
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they bad been tied before tbe hatching, with tho empty shells 
stioking to tho surfaces, aud wo untied some and brought thorn 
away with us as spooimena. 

“ The length of time between hatching and spinning, daring 
the whole'of which the larvte remain in the open air, passing 
thrsngh four periods of rest, is reckoned at about sixty days, 
more or less, according to the temperature. We were told 
that the first rest oommenced on the seventh day, and continued 
i«t two days; that tiie euoooeding three periods of activity and 
torpor were severally longer than the first, aud that the spinning 
ooQimenadd about ten or eleven days after tho fourth rest. 

“ Three days after the oommencemeut of spinning., said our 
informants, tiie binder part ef the ooooons is seen to be stained 
a white oolonr. This oomts from the aeorotion of the Foma- 
Mat, which it emits after having finished spinning. The 
cocoons are then taken off the ‘Kunogi,’ together with the 
leaves to whioh they are attached, and a small portion of tho 
branches. They are tiien brought into the house, and placed 
upon shelves. About ten days subsequently, the leaves are 
stripped oS, and the cocoons, held by the lower and broader 
ends, are shaken. Those whioh do not rattle are oonsidored to 
eo&t^n dead chiysalids, and after having been drtrd tbrongh 


evening, and lasts t,en or twelve horns, after whioh the males 
are thrown away and die. It happens now and then that other 
males, coming from a distance, fly to the bars of the cages 
and oonple with the females dnside; these, however, are 
looked upon, not as legitimate husbands, but as interlopers, and 
their presence or absence does not enter into the avloniations of,^ 
the rearers of this district. Tho females then lay their eggs, off 
already stated, on tho bars of the cages. This operation lasts 
four or five days, the average number of eggs to each femide 
being estimated at from 150 to 200. Tho femsles then die. 

The best eggs ore those laid on the first two or three days, and 
it is considered preferable that the moles whioh emerge on one 
evening shonld couple with tike females which emerge on the 
following evening. The same process which has already been 
described is then adopted with new eggs. 

“ With regard to other diseases, they stated that after the 
fonrth rest dark spots sometimes came out upon the worms, 
which subsequently die before spinning; that tii^ are also ^ 

subject to attach of diarrhoM, which prove fatal; that 
another disease shows itself by a watery fluid exndkig fram the 
pores, the worms turning a brown colour and then dying. Ko 
p.aTticular names appear to he given to these malsmes. Onr 
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iafonnanta also said iUat if a oonBiderable amount of tain falls 
whilst iho egg papers are attaobod to tlm ' Eunogi ’ in tbe open 
air, the eggs axe apt to be tailed. 

We were shown a speoies of creeping plants oelled ‘ tonsnrn,’ 
with IwTOB resembling those <£ the oonvolTnlus, and a dark 
Stem, wldeh sometimeij cling to the ' Eunogi.’ If the Tama-jUcA 
eats of those leavoe it is poisoned, and dies at onoo.” 

BnfBcient evidenoe has now bMn given respeoting this silk- 
wonn to show that there is a fair ohanoe of success in suitable 
localities, and we are inclined to believe that the solution of 
two points will greatly help experimenters to the desired 
suooess. 1. It seems desirable that the culture of this worm 
ebanM be tried on a largo scale in a wood of some extent 
favourably situated; the worms might bo fed in the open air, 
on the loW'growing scrub, where the loftier trees could afford 
them shade without interfering with ventilation. A few streams 
running through the wood would be an advantage, and the 
aspeot should be north rather than south. Lastly, not loss 
tl^ 10,000 eggs shonld be operated upon. 2. The Quercus 
serrata and other Japanese oaks differ very greatly in growth 
and appearance from our indigenous species. The Tnrkey oak 
(Quercus eerris) and the allied vorietieB most resemble the 
Japanese kinds, and certainly seem to be preferred by the 
worms. Largo plantations of this oak I can remember at 
Burnham Beeches, near Slough, some twenty years ago; a 
locality, I should imagine, very favourable tor an experiment. 
It might be worth while to keep this point in view. Another 
Japanese oak, which was sent to me in aoom, and on which the 
Tama-Mai is said to feed, has a very huge leaf, much resem¬ 
bling that of the Quercus ruber. 

It mast be evident, from the information which has already 
been given on. the culture of the silkworm, that it would ho a 
very dosirablo acquisition to any oountry, and that oould wo, | 
through its medium, turn the leaves of onr oak coppices into ; 
aUken ffbro, it would be an enormous gain to this country. 
There are difficulties yet to be surmounted; but inasmuch as 
most Japanese plants and seeds flourish iu Great Britain, I 
cannot hut believe that with a little more information we shall 
be able to naturalise in the cooler and moister looalities of 
Great Britain oud Ireland this Bombyn and its valuable product, 
the strong raw silk that the moth produces. 


FOKTIFICATION.—XI. 

BT AN OITIOXB OB BHB BOVAL BNOINZXBS. 

DETENUS Of IBOLAXED BDILDINOS AND POSITIONS. 

It oooasionally happens that in times of iusurreotion, and also 
In the ordinary operations of war, small bodies of troop^ ore 
foFoed to shut themselves up in isolated buildings, and to con- 
tinne their defeneo for some time. The short time that would 
probably be available under suoh ciroumstanoBS must generally 
preolude the possibility of ooUeoting suffioieut supplies to enable 
the garrison to stand a siege, even if the building happen to be 
of suffiolent strength to resist a continued and serious attook. 
Hence it cannot often happen that aity very proloitgdd reaist- 
4moe would be possible, ^though in ludiuu mutiny there 
oertoinly were several instanoes of its having been done; the 
moit memorable examples, perhaps, of the defeneo of a single 
building being that tff a house at Amk, held by a few men 
against the Dinaporo mutineers, and the defence of the Besi- 
^wwjf at Lneiknow, which, with its neighbourihg bnildinga and 
esioloihie walls, formed a Urge isolate post, and withstood a 
siege of some months. 

There U no doubt that if a building has been well ohosen, 
end its defensive oapabilitiee made the most of, a very formid¬ 
able resUtanoe may bo mode su^oinst greatly superior numbers, 
when Hie assailants ore not assisted by artillary fire. This 
latter eondition, however, rarely happens in the fighting be¬ 
tween legmlar troops, and honee the great diffionlty of deter- 
minhiLwhat shonld be done in each case, the total destruction 
of the building and its defenders being a mere question of time, 
provided the possession of the post is of sufficient importance 
to ffiie enemy to indooe him to concentrate the fire of a large 
anmber of guns upon it. 

In ,My w^-bnilt house, not only are the walls bullet-proof, 
bs#Aei#aM usually amtite mateiMs within it with wh^ to 
l|s tri« |^the ffixtts and; windowi^ eethat, provided every part j 


of it is thoroughly seen and flanked by eome other, it will be 
aUnest impossiblo for the enemy to get snffloiently oloee to blow 
an (^lening in the walla by explodi^ bags of powder or discs 
of gun-paper (dynanute) against thm. Most hnildings ate 
oonstruoted with projeoting porches, onthousea, walls, or bol- 
oonies, which may be readily convert^ into flanking defenoee. 
It does not, however, often happen that these means esist for 
suoh a complete defence in every direotion that it would be im¬ 
possible for a small party of* men to plaoe powder-bags against 
some of the walls without being seen. 'V^erever such a de- 
floienoy exists it must be supplied by temporary constructions, 
or such an aooumulation of obstacles must be made round the 
weak point that any close approach wonld be impossible, at all 
events without so muoh preliminary work as to arouse the-gaor- 
riaou and draw on the working party the fire from nnmerons 
loopholes. It may at first sight appear a theoretical and fanoiM 
idea to provide flank defence for such short lines as the gable 
ends of houses, oto.; but it must be remembered that if in¬ 
fantry, unassisted by artillery, are attacking other infantry 
who ore in possossion of a loopholed and fortffied building, the 
weapons of tho assailants are almost powerless against the de¬ 
fenders, whereas every shot fired deliberately and in almost 
perfect safety from behind a loophole should take effect outside. 
Tho advantage, therefore, lies entirely with the dofenoe, and 
the only chonoo remaining for the attack will lie in being able, 
by a surprise of some sort, to send a few snen forward to place 
bags of powder against the walls, the explosion of which will 
form an opening suffioiently large to enable the assaulting 
troops to rush in. 

This operation of placing the powder is very simple, and to 
perform it eidy three or four men and a very short time are 
neuuaaary; but being so few in number, and each man having 
I curtain definite work to do, it is essential that they ahonld he 
ablo to perform their task without oaaualtioa, on event tiiat 
would seem impossiblo if oven ono or two men ore placed in a 
sooure position for flanking the wall with revolvers or breech- 
loading rifles. 

The two most ordinary modes of obtaining thia flank defence 
ore by “tambours ’’ and “ mochioonlis galleries.’’ The former 
are a speoies of kaponior, with or without a roof, formed of 
atookade work, and projecting sufficiently from the wall to flank 
it by the fire from several loopholes. As in all stookaded 
buildings, the labour necessary for tiieir oonstruotion is oon- 
sidorabk, and the liability to destruction by artillery fire is 
very great. They are, theiefcse, often impractioable, and 
cannot be adopted; although in oases where there are ample 
means and time available they may be at great use. ’Hke 
Prnsaians employed them frequently in their lines of invest¬ 
ment for flanking long vraUs which were too extensive to be 
powerfully held without some suoh assistanoe, and which if 
nnflanked wonld have afforded cover to the enemy without 
materially cheeking his advance. The long wall formiog the 
enclosure of tho “Haras,’’ near Garehoa, in the lines round 
Paris, was defended in this way. 

Tho defence by machioolatud galleries is a very old one, and 
may bo seen iu moet old castles or fortified huilffingB of fibe 
Middle Ages, whore approach to the foot of tho w^ ki pre¬ 
vented by tho fire from loopholes in the floor and sides ot small 
projecting baloouies anpportod on oorbeLs near the top of the 
bnilding. The modem macbioonlia is a wooden balcony with 
bullet-proof front and sides, supported on beams which pregeot 
through holes in the outer walk suffioiently far to allow at a 
vertical defence by means of pistols and short rifles. It is 
troublesome to oonstmot, and so easily dastregred by artillery, 
that if the close approach of the enemy can be prevented by 
any other arrangement, it will often not be worth irhlle ty 
employ it os a means of defence. A bnlkt-proof soreen or 
shutter placed in mb inclined phaition, like a snn-shade, at a 
window or other opening, may with leas labour be onang^ so 
os to hide the defenders from view, and at the same time admit 
of a vertioal defence for the wall.' 

In the ohoioe of a building for defensive purposes, next to 
the important question of fle^ defence, its liability io be set 
on fire, and the moans by whioh tiu diffionlty mity be met, 
should be carefully oousidored. Theie must be an ample wator 
supply, tiiatohed roofs and inflammable ont-buildings must be 
remov^, and all hay-rioke or staoks of firewood near to it mnst 
; bo burnt or destroyed, as a twnflagration on the wind%aid sid# 
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. of a houe at the moment of attack would Tacttly mcreage the 
dif&onltieB ci the dofonders, even if it did not xe^t in setting 
fire to the building itself. There should be a dear space for 
some distanoe round the house, affording no oover for the 
enemy’s marksmen, and its position should be such that, while 
it oomn^ds tlie roads by which the enemy will probably ad- 
raaoe, it is not itself commanded by the roofs and windows 
of other more lofty buildings within range. As regards the 
work to be done inside the building : in the first instanoe care¬ 
fully barricade and loophole the basement and ground floor, 
construoting and aoaamulattng as many obstaeles as possible 
ronnd tlie outside. Care, howorer, must be taken that in tho 
endearour to obtain a powerful fire the lower walls arc not so 
weakened by breaking numerous loopholes through them that 
the general stability of tho building is affected; for it must bo 
rcmombere<l that under the fire of artUlery portions of the walls 
will be carried away, and that tho weight of the roof, floors, etc., 
ercntuully may have to be boriio by only a portion of their 
original supports. 

ft ie generally oonsidured that tho garrison of the lower storey 
should be more numerous than tliat of tho upper; and doubtless 
if without danger to the building enfficiout numbers of loop¬ 
holes can be mode to employ the available number of men, 
there is an advantage in so doing, as tho fire at that level will 
probably be more destruotiro than the plunging fire from above. 
A« a rough guide to tho number of men wanted, exclusive of 
tho reserve, it is genojully assumed that one man for every six 
feet of wall-spaiin niistuirs will suffioo, and that tho men arc 
somowliat closer packed below ; a eousiderable rewrve being 
always kept in band to replace oasualtius and perform various 
duties, such as cooking, eto. No i-nlo of this kind can, however, 
be of much real value, as so much most depend on tho shape 
and size of tho building aud the ciroumstancos and object of 
the defence. 

Loopholes at tlio angles of a building have a greater range, 
and enable fire to Ihj directed on the soctoi-B of nudefondod 
spooo in front of tho angles, but they aru more difficult to form 
than the ordinary ones. The grout increase of power that has 
resulted from the use of brooi’h-loaders renders it less nooesaary 
than formerly to crowd tho men closely together, and every 
effort should be made to ensure their being able to use their 
rifles with freedom aud effect. In tho flanking defences, where 
the men have only to fire in one fixed direction, and whero 
it is very important to get as much fire as possible from n 
given length of flank, there seems no reason why they should 
not be placed as close together us when standing in the ranks, 
provided long horizontal loopholes eon be mode for them to 
fire through. 

In walls three feet or less in thickness, tho nook or narrow 
part of tho loopholes should bo on tho outside, and not loss than 
three inches wide. The bottom of the loophole or sill should 
bo about 4 feet 3 inches from the floor or banquette, and when 
eotttiderable deprossiou is required this height must to reduced. 
Fiokaxes, crowbars, and hammers are required for making loop¬ 
holes ; and in ordinary briok walls, from nine inohes to two feet 
tbidk, a couple of men should make a loophole in from ten to 
twenty-five minntes. Tho inoreased penetration of modem 
rifles renders the task of rapidly providing bullet-proof protec¬ 
tion for the doors and windows of a defensible bnilding more 
and more difflonlt. Boxes flUod with earth, and sandbags or 
pfllow-oases filled with earth and carefully built up, will answer 
the puriKMe, they can be obtained in suffioient quantities. 
Soots and window-shutters oan be rendered partially bullet¬ 
proof by nailing several extra thieknesaoB of planking diago- 
nidly across them until the required height of cover is obtuned. 
■When it is remembered, however, that our new infantry weapon, 
-the Uartini-Henry rifle, is capable of penetrating three thiok- 
nesses of tiiree-indh fir planking at fifty yards, it would appear 
ifimoet hopeless to try to obtain seonrity by tUs means. Logs 
at wood, rolls of carpet, chests of drawers filled with earth, 
«to., oan all be made use of with more or less sooeese, end if 
pmi^t protection oannot be obtained, cover from view will 
often be of mnoh nse. It is important that the enemy should 
not be able to seo whether the loopholes are manned or not, and 
therefore by day there should not be too much light in the 
rocmis, amd at night the less number of lights in the building 
tM better. 

<• Vnoh has been s^d by various writers on the advisability of I 


preparing for a defenog of a buflding from room to room, and 
for a retreat from tbo lower flow by means of ladders to the • 
upper rboms, from the floors of whioh a fixe oan be maintained 
on the enemy below, who are unable to follow; owing to 
removal of the ladders and ordinary staircases. Snob obstinpte 
defences as this have undonbtcdly often ooontxed, and therefore 
it would be presumptuous to say that under certain droum- 
stanoos it may not bo advisable to adopt similar meoenrea ogsin. 

It does, however, seem clear that if the assailants, in spite of 
the fire from the bnilding, oan succeed in foreing on entxanee, 
and if, in spite of the equality of the fighting when thqr can 
only enter two or throe abreast, they are able to drive the 
defenders to take refuge upstairs, it wiU not be long before thqy 
are able either to explode bags of powder in the lower rooms or 
to set fire to tho house, whioh would probably at once put an 
end to tho defence. It would, therefore, appeu more advan¬ 
tageous to devote every effort to render the approach to the 
ontsido of tho house difficult, rather than to elaborate a system 
of internal defence, which may possibly never be required. The 
foregoing remarks have been made ohiefly with reference to 
a single building, but they will also apply generally to any 
group of buildings which has to be defended by infantry as an 
isolated post. Of course, where tho buildings are not already 
oonneoted by walls, out-houses, etc., the enclosure must at once 
be completed by means of stoohodes, abattis, etc., and where 
this has been done the same general arrangements os have been 
described would be adopted. 

Isolated groups of buildings or villages may have to be 
defended nndor sneh very different oircumstanees that it will 
bo impossible to do more than notioo a few of the most ordi¬ 
nary cases. They may bo ouenpied to assist the rear-guard of 
an army' in covering its retreat, or tho leading detaehmonts of 
an attacking force may seize them, simply in order to enable 
them to hold their ground until tho mass of their troops con bo 
brought up. They may also have to be defended because they 
form important advanced posts in front of a large defensive 
position ocoupied daring a general action. The defensive object 
in each of these oases being somewhat diffhront, the nature of 
the practical work to be done in each case will also to a oortaiu 
extent vary. 

In the two former oases the object is obviously to gain time, 
and as the direotiou of the attack they are likely to rooeivo is 
known, they need not necessarily be treated as closed works, 
but rather with reforonoo to defence in certain diraetiona only. 

In other respects, however, tho conditions are dissimilar, for in 
the oa.se of a rear-guard it may occasionally be neoessary for 
the buildings to be obstinately defended to the last, even by 
BO doing the garrison is annihilated or taken prisoners, though 
of ^UTSc tho retreat of the defenders should as a rule be oare- 
fullp provided tor. This is essentially one of those oases where 
preparations for a bnooesaive dofonoe from house to house, and 
from every advantageous .point along tho lino of retreat, oan 
and should be arranged. 1^ retreating, ifio main body of the 
force wUl have passed through tho village some time b^oie the 
rear-guard arrives ; consequently the officers in command bare 
the op^ortnnity of examining its capabilities for defence and 
designing their scheme', the necessary working parties and tools 
for carrying out whioh they probably have the means of sup¬ 
plying. This process should be repeated ut oonvenieut intervals 
•along the line of retreat, and tho rear-guard itself will be 
guided by orders reoeived from the main body how long to oon- 
tinne its resistance at each point and when to retire. 

The meuBures to bo taken by an advanced guard occupying a^ 
village temporarily will differ from the foregoing inasmuch tiiat 
the oommandor has probably no previous knowledge of the 
place, has probably a very shmrt time in whioh to arrange his 
plans, and no resonroea as regards tools or materials besides 
those carried by his own men, as the inhabitants will most 
likely hare fled. Here it is evident that every effort will in the 
first instanoe be made to strengthen the front and flanks of the 
village without barrioading tbo streets, eto., in any solid 
way, lest by so doing the subsequent advance of tiie main body 
should bo delayed. With a reai-gnard, on tho contrary, as tho 
roads and streets can only be of use to the enemy, any obstacles 
whatever that will delay his advance must be employed. The 
regularly-organised advanced guard of a large army wonl^ro- 
bably have a sufficient force of engineer offioera, aid men to 
I do any requisite work but during a long general action the 
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MLoeeu ai aome oae point may oanae tbe enemy tempoia/nly to 
xetwe from a Tillage, in ivliiah oaee, if titere airo no engineore at 
it alioald be at once aeized and fortified by the nearest 
battaliona of the at^k, when great judgment wiU be required 
to turn the email amount of work poeeible to tiie greateet 
jlooonnt Any encoeaa of this kind ^ould be promptly enp* 
ported by numerous bodies of engineers from the reserve, carry* 
ing with them the tools and implements moat likely to be of 
use; and if, owing to the fire, they are unable to work at 
atreogthening the front lino, they ehould be aotiToly employ^ 
in retrenching the posiUon and loopholing honaos, which wiU 
enable the troops to remain in the village even after the out¬ 
skirts have been xe-oaptnred by the enemy. 

When the buildings to bo defended are in front of a bue of 
battle, there probably have been some few hours available for 
preparation, and an ample garrison can be loft for their defence. 
The difficulty, however, is to devise any arrangement that will 
enable them to hold out for several hours under a oonoontrated 
artilk)ty fire, and surrounded by the enemy’s troops. Being 
nearest to his position, they will have to withstand the first 
brunt of the attaek, and are sure, for a time at least, to be cut 
off by the wave of attacking troops as it rushes forward to 
assault the main position beyond. In those cases it is evident 
that they must be capable of resistance in all directions, and 
also that a means of oommunioation on the sido next the posi¬ 
tion should invariably be made, by which, when a favonrable 
opportunity occurs, reinforcements of men and ammunition 
may be sent to their assistanco. The celebrated farm buildings 
of Hougonmont and La Hayo Baintc, that played so con- 
spiouons a part in the battle of Waterloo, belong to this cata- 
gory; and in tho late war in Franco there were numerous 
examples of buildings defended under similar cirenmsitanoos— 
for instonoe, tho farm-house of St. Hubert, about 1,000 yards 
in front of tiie French loft centre at Gravolotte, and tlio farm 
of La Bergerie, near Mont Valerien, which was so stoutly de¬ 
fended by a company of Prussian infantry against the last groat 
sortie from Paris, 19th of January, 1871. 

The defence ot the village of Le Bourgot, and numbers of 
others round Paris and Metz, will bo found most instructive 
examples for any one really wishing to study the subject. 
Want of reliable facts as to time, men employed, etc. etc., how¬ 
ever, renderit undesirable to attempt to describe what was done, 
until the offioial Frenoh and German accounts are published. 

In some oases the buildings in a village or town are so 
grouped as to be rapidly capable of oonversion into a strong 
fortlfled post; while in others these conditions are most un¬ 
favourable—aa, for instance, where the houses form one long 
sfaeet, enfiladed from the enemy’s position, and liable to attack 
on either flank. Under these latter oiroumstanceB, it is clear that 
the enemy’s artiUeiy will in a short time tender the defence^ tho 
end hooBM of the street an impossibiliiy, and that any fttempt 
to hold them would be futile. It would aeem best in such a 
case to hold, in the first instance, an advanced line of trenches 
traoed so as to avoid enfilade as mnoh oa possible, and when 
obliged to leave these to retire to honses, which being farther 
up &e abeet, are not so likely to bo ruined as thoaend ones, 
’nteee honses must have been previously determined on, end 
loopholed, the barricades in the street being so placed as to be 
commanded by them. The houses so chosen should if possible 
be isolated from the others on the side next the enemy, or if 
tbie is not possible, the floors and partition-walls of the houses 
next to them should have been ont away, to prevent the enemy 
working from house to house after he has once gained the end 
of the stc^. If the barrioades ore manned, the assailants will 
avoid a direot advance np the streets, and' will endeavour to 
ocnunsiid and tsm them by fire from the roof and windows of 
the houses they first get possession of. If the defence has been 
caiefnlly pr^Nured, these honses should have been previously 
mined, so as to be blown np as soon as the enemy's troops 
appear to bare oeenpied them in force. To avoid ^e, no 
bnildinge ehonld if poeeible be occupied by large otowde of troops 
untU^th^ have hw examined by the engineers, with a view 
of deteothog the ndBes, and disconnecting the wiiws or powder 
hose with vriuoh the ehargas would be fired. Aa regard barri- 
aadea, they ehould bp mde at places where they are flanked, 
and where, it poeeible, they saw eoreened from direot artillery 
flsSi Aa^ there ahoidd always be a moans of retiring round tbem, 
th'ros^ the hotuee right an^'taft. 


In the attack of a fortified village, the aeeaflaatie will en¬ 
deavour by a seriea of falae attacks to deceive the defenders as 
to the point on whioh the real attack is to be made. 3%e troops, 
however, making the fmgned attack ehonld be euffioiently 
numerous and well organised, that if they find a weak or un¬ 
guarded point they can really aaaanlt the place. The artillery 
win be used as nsnal to enfilade the longest lines, dismount the 
guns, and destroy the flank defences and obstades. The fire of 
the lenders will be kept down by the ortille^ and by the lead¬ 
ing division of the attack, who advance in ekirmis^g order, 
closely followed by a large working party of engineers, to destroy 
tho obstacles, and prepare an entrance for the stormers. 

In order not to give the defenders time to assemble it is very 
necessary that the attacking troops shonld advance as rapidly 
OB possible, but before entering the vUlage it is of still greater 
importance that until the working parties have cleared the way 
there should be no confusion or mixture of the troops having 
Bcparato duties to perform. 

After once an entrance has been effected, all previous arrange¬ 
ments must be more or less upset; and the sneoesB of the attaisk 
will depend on tho vigour with which it is pushed forward, and 
tho numbers with whioh it is supported. While tiie storming 
party is forcing its way onward, a working party should be 
employed in fortifying any houses or buildings favourably situ¬ 
ated for covering the retreat, in case of a reTorse. Subject, of 
oonrso, to variations depending on the circumstances of ea<di 
, case, the following is the general orgattisation of an attaching 
j column :—(1) Skirmishers; (3) engineer working party ; (3) 
esoalading party, carrying l^ders, '•opes, grapnels, etc.; (4) 
storming party of infantry, followed by BU}>ports and reserves, 
j The intervals to be observed between these, as well as their 
! numbers, will entirely depend on circumstances. The hour for 
those attooks is usually just before dawn, os this oHowb of the 
assembly of troops and first advance possibly being made nn- 
I seen, and of the subsequent operations being foeiliteted by the 
I increasing daylight. 


TECHNICAL DRAWING.—LXVIll. 

DKAWING FOB BBICKLAYERS. 

The methods of breaking joint in short portions of walls built 
oocording to the common English bond having been thus illus¬ 
trated, it now remains to treat of the system to be adopted in 
effeoting the same object at the oomers of buildings where two 
I external walls meet at right angles. 

I In this ease it is proper, commencing os usual from the comer 
, header, at the external angles to introduce a set of closers, 

I covering an extent equal to the whole tbiokness of the par- 
: ticnlar wall of the two (that ia, if tho two walla be of unequal 
I thiokneea, which may often occur in piaetioe) to whioh that 
header belongs; while closers need not, however, be dispoMd 
I in a ooniinaed stndght line, but oheokerwise, so aa to approach 
towards the re-entering angle, but without actually naming it, 
and thus none of them will be seen in the jnside of the bnilffiiig. 
They mnat all be hud parallel to each other. 

Figs. 559 and 560 represent this anangement, showing two 
snooessive oonrses of the comer of a bnilding fonned byllie 
meeting tw# walls eaoh supposed to be three briioks tiiiak. 

In this anangement it will be observed that of the two walls' 
whioh meet each otiier at the angle, one shows a stretoluzig 
conrse, whilst the oilier shows a heading oonrse on the same 
level, and vice vertA} and these two arrangements meet each 
other at those parts of the briokwork where the tiitee olosen, 
which are equal in all to the length of three bricks (the thick¬ 
ness of the wall), extend entirely aoroaa the zrall. 

In bnilding S^liah bond a variety may be introdnoed by 
using BO many tteree-quorter bats instead of whole bricks as 
comer headers at the extremitieB of every heading oonrse aa 
win make up ilie thickness of the adjoining wbH ; and ia this 
(iase no olosen are leqnired. 

Figs. 561 and 562 represent the plan et the oomer of a 
hnil&ig in whioh the walls ate three brioks thick, and where 
this arrangement has been followed. In ei^ heading oonne 
six three-quarter bate ace used near the angle, whioh extend 
over a' space equal to three brioks—that ia, ike tkiakneBe of the 
wall. In this case it is evidmit that all Ike joints •trill Ibe per- 
feoUy broken without the aid of olossrs. Ikese {brse-quarter 
bats arc viidble in Fig. 562, in whioh it will be seen that t^o 
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eottm beoder of one vall ehowe as a abort stretcher in the 
stretobing eonrse on tho other side of tho angle. 

HSADINO BOND. 

A brick vail may be built all beading bond—^that is, without 
ns^ig any atretchers at all, excepting in alternate courses at 
the comers of the bnUding, os “ quoins,” as they are teckni- | 
oally called, and at the 70x1008 other angles or breaks occa- : 
sioned by projections and recesses, or by the openings for doors ' 
and windows. , 

Figs. 5G3 and S64 represent the plans of two snocessiTo i 
courses thus oxcentod. One corner of tho building is shown I 
with the walls extending on each side as far as two openings, ^ 
which may bo supposed to bo doors or windows. ‘ ' 

Althongh from its seat appearance this style has been pre>'i 
ferred by some architects, it is not generally considered so good > 
as the oommon English bond, for as compared with that it 
merely consists in breaking every external stretcher into a 
couple of bats, as shown in big. 5(14, which certainly cannot be 
an advantage. 


SEATS OF INOUSTllY.—XXVII. 

LIVKEPOOI,. 

nv VFII.l.IAM WATT WEBSTER. 

ALTHOtroH the manufactures of Liverpool arc comparatively 
trivial, there is no town in tho world that illnstrates so clearly, 
and npon so extensive a scale, the indirect inflnonce of mann- 
faotnring enterprise npon national prosperity. To its intimate 
oonnootion wilii Manchester, Oldham, Bury. Bolton, Ashton, 
and other great manufacturing centres in the north of England, 
Liverpool owes, in a great measure, the proud position it 
ooonpies os tho second town in the kingdom as regards popula¬ 
tion, and the first port in tho British Empire, and oonseqnontly 
in the world, as regards tho extent of its foreign trade. It is 
an integral and highly important part of the manufacturing 
system of England, and the story of its rise and progress, 
especially in later times, forms an interesting and instructive 
ohaptor in tho history of British industry. 

Ibo etymology of the name Liverpool has given rise to 
much conjeoture; but no satisfactory explanation of it has 
been given. In the earliest anthentio records of tho town tliat 
have been preserved, it is called Lyr-pnl, and it has been sng- 
gested that the name is derived from tho Gaelic word Lyr, “ the 
sea," and that Lyr-pool means tho ” harbour of tho Mersey. ” On 
the assumption that Leverpoole is the original orthography, the 
none has been associated with the family of Lover, which in 
ancient times flourished in tho oonnty, and also with tho cor¬ 
morant in the corporation seal, which is known in heraldry as a 
layer or liver. iWvions to the Conquest, Liverpool was bntca 
small and obsouro fishing viUago; it is not mentioned in the 
Domesday Book. Ton years after William of Normandy landed 
in England, it is believed that a castle was built on a promontory 
between forty and fifty feet above tho river, by Roger of Picton, 
on whom the Conqueror bestowed tho whole district between 
the Ribble and the Mersey, and that tho bouses bnilt rouqd tho 
base of this promontory formed the nnclons of Liverpool. There 
is a tradition tliat Henry I. conferred a charter of corporation 
on the town in 1129; but tho charter of Henry II., dated 1173, 
is the first authentic record in its history. This document 
declares that " the estuary of the Mersey shall bo for ever a 
port endowed with all the libortios belonging to a port of tho 
sea, and that the men of Lyr-pol near to Toxteth may oomo and 
from es^ side of the sea with their ships and merchandise, 
free and vriMumt obstmetton,” tho sea here referred to being, 
of course, the Irish Sea. Henry II. also erected ,a number of 
what were oalled burgage-houses, whose tenants were tho primi- 
tive freemen of. Liverpool, and the Crown oontinned to draw 
the rental of these houses up to the time of Elizabeth. In 
1947 King John granted a now ohorter, and in 1229 Henry HI. 
made Liverpool a free borengh with a merchant’s guild and 
honae^ anAoonferred on its burgesses like libertios and privileges 
to thim enjoyed by their brethren in London, Bristol, and oiAer 
towns, BO stranger being allowed, to trade or settle there witbont 
the eandtion of tho manioipal ettihorities. For two oentnries 
tbfr aaMpUest of the diartared towns of England was so poor 
that it vmiL Ao representative to Ariiament, and tor five cen- 
tariee » onrAMdly be said to bare had a history. During the 


latter long period, tlie wardersbip of tho castle was retained by 
members of the Molyneux family ; and about the year 1360, a 
tower that hod been erootod in the previous century, as an out- 
guard to ensure the safety of the castle, came into possession of 
tho Stanley family, and this building was afterwards on ooca- 
sional residence of the Earls of Derby. In the reign of Henry 
YI. the Stanleys and the Molyneux had a violent fend, which 
rmjiMred the intervention of tho Government; and about tins 
period tbe knightly family of More, of Bank Hall, had a mansion 
in Liverpool and large possessions in the vioiniiy. In 1524 
Leland describes tho town in his “ Itinerary” in ‘&e following 
terms:—“ Lyrpole, alios Lyverpoole, a pavid tovme, hath but a 
Chapel, Walton a iidi miles of, not far from the So is poroohe 
chiroh, the King has a castelet there, and the earls of Darbc 
hath a stone house there. Irish marchannts come much thither 
08 to a good haven. At Lyrpole is small oustume payed that 
oausith marchauntes to rosorte. Good marchandis at- Lyrpole, 
and mooh Yris yam that Maiiohestcr men do buy there.” 
Foriy-one years later Stow states in his “Survey” that Liverpool 
consisted of seven streets, containing 138 houses, and that its 
population numbered only 690. Thero wore then in the harbour 
twelve ships, with an aggregate burden of 223 tons, and a total 
crow of seventy-five men. In a petition to Queen Elizabeth, 
dated 1571, reference is made to tho pla<;e as “ Her Majesty’s 
poor decayed town of Liverpoolo : ” but Camden, writing in 
1586, gives a more chocring description of it. noting, among 
other things, that it is “the most convenient and most fre¬ 
quented passage to Irolund,” and remarking that tho town w'as 
“ more eelebrated for her beauty and populousneas than for her 
antiquity.” It would appear that the mcrohants of Liverpool 
had trading connection with the continent of Europe at this 
date, for it was Humphry Brooke, one of their number, who 
gave Queen Elizabeth’s Ministers tho first intimation they re¬ 
ceived of tho soiHug of tho Spanish Armada j but its chief trade 
was at that time, and for a long lioriod afterwards, with Ireland. 
Chester, however, continned to bo the principal seat of commerce 
with Ireland till about tho middle of the sovontcenth ocntuiy. 
’Pho transfer of this trade from Chester to Liverpool began by 
mcrohants of the former town using tho latter as their port, the 
Doe having gradnolly become nnuuvlgable for tho larger class 
of ships, and for many years Liverpool was considered a sort of 
sub-port of Chester. <In 1602, the inhabitants of the latter 
town asserted that “ the town of Liverpool was but a crook of 
the port of Chester,” and for many years they claimed a sort of 
lordship over Liverpool. In 1626 a new charter was granted 
to Liverpool by Charles 1., making it a city, James Strange, 
Lord Stanley being its first mayor; but up till 1647 tho port 
was subject to Chester officers. After the Irish robollion of 1641, 
a nnmbor of Irish Protestants settled in Liverpool. During the 
civil war the town acquired great political importanoo. In 
1644 it was defended by Colonel More against tbe army of 
Prince Rupert for three weeks, but was toketi by storm; the 
royalist cause, however, being shortly afterwards utterly mined 
by the defeat at Marston Moor, Liverpool again came into 
possession of the Parliament. Cromwell favoured the place os 
the most convenient port of embarkation for Ireland, and during 
tho great plague and fire of London in 1665 and 1666, many 
mcrohants from the metropolis took up their residence in Liver¬ 
pool. In Blome’s “Britannia,” dated 1673, it is stated that 
amongst the inhabitants of Liverpool are “ divers eminent mer¬ 
chants and tradesmen, whose trade and traffic, especially into 
the West Indies, makes it famons,” and “ the sngar bakers and 
great mannfacturers of ootton in the adjacent parts ” are men¬ 
tioned. During the reign of Charles II. Liverpool made great 
progress, owing to the opening up of America to British enter¬ 
prise, and its merchants early took an active part in the slave 
trade, sending out ships to Africa for negroes, conveying them 
to America, and bringing back sngar, tobaooo, and other goods, 
in exchange for their live cargoes. It was fr^ liverpool that 
William III. set sail for Ireland in 1690; three ^ys b^oro the 
battle of the Boyne. Nine years lat< r, when it was erected into 
a separate parish, Liverpool had a population of about 5,000. 

Liverpool advanced rapidly during the eighteenth oentnry, 
chiefly by meane of the trade its merhhants oarried on in slaves 
and tobaooo. The first ahve ship fitM out on the Mersey ^ 
dispatohed in 1708but by the yeair 1752,101 Liverpool mer- 
ohmte were engaged in tMe infMions fbongh Inoratlve tnfflo. 
Between the years 1700 and 1709 inohialva, the average animal 
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importatioTi of tobaooo into Britain amonnted to 12,880 tons, 
and Uverpool had a larirer Bkaie of this trade than any other 
port in the kingdom, half tho shipping and more than half the 
wealth of the town being embark^ in it. To afford faj ilitina 
for this trade, a wet dock was oonstmeted in 1709, which was 
not only the first in LiTorpool, bat tho first in the kingdom. By 
■flie year. 1760 there were seTenty-fonr vessels belonging to 
Liverpool, with an aggregate burden of 8,178 tons, engaged in 
'Uie riave trade, and it oontinned to inorease during the foriy- 
Bev«i yem that elapsed before England ceased, in 1807, to par¬ 
ticipate in this iniquity. During tho ten years from 1795 to 
1804, when tho slave trade reached its culminating point, it is 
calenlated that the merchants of Liverpool shipped no fewer 
than 323,770 slaves from- Africa to America and tiie West 
Indies. That this traffic was highly profitable to them, may bo 
inferred from the fact that at the time it was being carried on, 
the greater part of the West Indies belonged to Liverpool mer¬ 
chants. The outbreak of the French war in 1756 put a stop 
for a short period to tho slave trade, and tho slavers of Liver¬ 
pool were turned into privateers. At first they gained some 
slight success, but before the close of the war Liverpool suffered 
severely by way of retaliation, it haring been blockaded by 
French privateers for seven weeks in 1758. In the course of 
the eighteenth century, the natural advantages of Liverpool for 
the prosecution of commerce were greatly enhanced by the con¬ 
struction of an immense system of canals. The first effort to 
improve tho natnral facilities for inland trade was the building 
of the Irwell and Mersey navigation (for which an act was ob¬ 
tained in 1720), by means of which raw cotton and cotton goods 
were oonvoyod to and from Manchester; and shortly after the 
completion of this work, the Weaver navigation was undertaken, 
whioh afforded an easy means of bringing the salt of Nantwioh 
and other places in Cheshire to Liverpool, which speedily became 
an important article of export, and employed a large amount of 
shipping. These works were followed by the Sankey Brook 
navigation, completed in 1768; the Bridgewater canal, opened 
in 1773; the Trent and Mersey, or Grand Trunk canals; and the 
Leeds and Liverpool canal, whioh were finished in rapid succes¬ 
sion; so that by the yeax 1816, Liverpool possessed a complete 
systm of water communication, direct or indirect, not only 
with ike groat manufacturing towns of Lancashire, Cheshire, 
and Yorkshire, but also with the south coast, and, in fact, with 
nearly every {wrt of England. Those canals have realised largo 
profits to their shareholders, and they still bring in considerable 
revenues, notwithstanding tho competition of tho railways. It 
is worth mentioning that between the years 1777 and 1782, 
there were launched on the Mersey some fifteen war-vessels, of 
oonsiderabie tonaage, and carrying from sixteen to fifty guns, 
ooBstruoted to tho order of the Government. As a matter of 
course, the population of the town kept pace with the growth 
of its trade. Between 1710 and 1760, the number of its inhabi¬ 
tants increased from 8,160 to 25,780, and the shipping belong¬ 
ing toiJie port ineroased from 84 vessels in the former of these 
years to 1,245 in tho latter. By 1781 livorpool hod a pcq)nla- 
tion of 35,000, and possessed 2,300 ships; and by 1791 its popn- 
lation had augmented to .50,000, and its shipping to 4,200 
vessels. In 1801 the population was 77,700, and tho oommer- 
eial fleet.numbered 5,100 vessels. 

But the most important factor in tho prosperity of Liverpool 
has yet to be notioed, for it has been still more indebted to 
cotton than to slaves and tobaooo put together. The beginnings 
of the cotton trade of Liverpool were exceedingly email. In a 
local newspaper, dated 3rd of November, 1758, the foUowing 
advertasement appeared:—“To be sold by auction at forbes 
and Owpb^’s sale-room, near the Exchange, this day, at one 
o’olook, twenty-five bags of Jamrioa cotton in five lots; ’’ and 
from that time cotton was regularly brought to Liverpool from 
ike West Indies, eJthongh for a longtime in exceedingly email 
quantities. In 1770 the imports into laverpool inoladed 6,030 
bales of eotton from “tho West Indies and from foreign 
oonntriee, wi& the adffition of three bales from New Ycak, three 
bags ttam Georgia, four &om Virginia and Maryland, and three 
barreli fcom North Ckroliim.” Twenty-one years later only 64 
bries of eotton came to liverpool from America, but ike total 
quantify imported from Portugal and tko West Indies in 1791 
aiemnifaid to 68,404 bides. In 1794, however, the supply ilrom 
America bad risen to 4,668 bales, and from that date American 
cotton into the p<^ in steadily increawng quantities tiU it 


largely exceeded tho importe from the East, and faeoame the 
staple article of the commerce of LiverpooL 
It was not till Hatgreavea, Arkwrighi^ and the other inventors 
and improvers of cotton mannfaoturing machinery bad creaitod 
and developed the cotton mannfaoturee of tbp nortkof Englmd, 
that Ike ootton trade of Liverpool attained gigantic dimension^. 
In the year 1824, the quantity of cotton imported into Liverpool 
wee 578,323 bales, and of this total 413,724 bales edme from the 
United States of America. The total imports of ootton into 
England in 1830, from all quarters, amonnted to 793,695 bolee, 
and of this quantify no less than 703,200 bales come to liver- 
pooL Ten years later, 1,164,269 bales of ootton yere brongfat 
to Liverpool, and in 1851 the quantity had increaeod to 1,746,946. 
It may be stated here that the quantity of foreign and colonial 
produce imported into Liverpool in 1858 wss 1,384,358 tons, 
against 1,374,987 tons into Lmdon, and that the foreign exports 
from the former port amounted in the same year to nearly 
^35,000,000, or oonsiderably more than one-h^f of the total 
valne of the exports of the three kingdoms for that year, and 
more than twice that of London. The number of vessels that 
entered the port of Liverpool in 1851 was 21,071, representing 
an aggregate of 3,737,636 tons harden, and the dock dues 
amounted to .£269,020, and the customs receipts to £3,510,033. 


BIOGRAPHICAL SKETCHES OF EMINENT 
INVENTORS AND MANUFACTURERS. 

XXIX.—SICHAED EEYNOLDS. 

BT JAMES a BANT. 

Tins celebrated iron-smelter, and nltimately the inventor of tbe 
iron rail whick is now need on aB railway lines, was bom at 
Bristol in the y^r 1735. Tfaongh ednoated in the peaoefnl 
persuasion of the Society of Friends, to whioh his parents 
belonged, when but a lad he felt a strong desire to become a 
soldier, and would have enlisted but for the dismay such a step 
must have occasioned his friends. Ere long this fancy or entlin- 
siasm died out, and assuming “ the drab,” he settled down into 
a quiet and mdustrious Quaker. 

Alter serving an apprenticeship to the iron trade in Bristol, 
he went to Coalbrookdale on business; while there he beoame 
acquainted with the Darby family, who had long been iron and 
brass founders in that district, so rich in. mineral treasures. 
The Darbys were also " Friends,” and received young Geynolds 
hoapitably, and oventuaBy he married Hannah, daughter of 
Abraham Darby, known as “ the second,” three of that name- 
father, son, and grandson—^having been Bmcltore and malt-mill 
makers in succession at Coalbrookdale since tho first year of the 
last century. 

Richard, through this connection, undertook the management 
of thfviron and ooal works at Kotley and Uorshay. At the latter 
place bo resided six years, and on tho death'of his father-in-law, 
in 1763, he removed to Coalbrookdale, and took charge of ike 
more extensive iron-works there. By tho wealth and enter¬ 
prising spirit of the Darbys, these had become greatly enlarged, 
and found remnnerative employment for a lapidly-increaemg 
popnlatibn. Tho firm did not confine their operations to the 
Dole, says Mr. Smiles, but extended their works for beyond its 
bonudarios, and bnUt foundries in London, Bristol, and Liver¬ 
pool, with agencies at Newoostlo and Truro for the disposal of 
the steam-engines and other iron machinery then in use for 
clearing deep mines of water, and many of the pumping-engines 
mode on Newcomen's design were oonstructed at the works of 
the Darbys. 

“ Civilisation is economy of power,” according to Baron 
Liebig, “ and English power is coal I" 

The increasing demand-for iron gave an impetus to coal¬ 
mining ; the works inoreased in magnitude and number, till the 
whole of that port of the glen through which the Severn flows, 
between two MBs, presented a iowf enoombU whioh, with Ike 
forges, engines, furruuses, and machinery of iron, wnstitute a 
epeotade of the most intmstmg and bustling deseription; and 
when the steam-engine had been perfected by James Wan, and 
enabled powerful blowing apxwratus to bo wrought byitsagmey, 
the production of pit-eoal being rendered cheap and expeditions, 
inventions atlmnlated each oiker, and trade at Coelbivokdalc 
enotmoosly inoreased. 

The rich ooal and iron district there Budildea the Dale,'hnd 
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extendi iwt to TjiKaahnil Mid Bridg^ottb, notte-west to Wal- 
linfton, and thenoe by the wooded Wrekis, Bonth-weat to the 
TOid bom Xnoh Wenloofc to Bridgnorth; on the west the 
bounduy ii broken by the Serem; bnt the area thus desoribed 
eonsiete of a platform laieed 400 feet above the river at 
Uadeleyt and 600 feet above the eea. At all theae points the 
eodl>msaanTM are fnlly developed, and next in importance to 
the beds of Iheae ate the layen of argillaoeons carbonate of 
iroh. 

TTp to the time when Biohaid Beynolds took ohargo of the 
works at Coalbrookdole, the conversion of erode or oast iron 
into mallsable or bar iron had been effected entirely by means 
of charcoal. The process wae carried on in a finety almost 
exactly like a smith’s forge, “ the iron being exposed to the blast 
of the bellowa and in constant contact with the fuel. In the 
first process of fusing the ironstone, coal had been used for 
some time with mdeasing success; bnt the question arose, 
whether coal might not ^ need with effect in the second or 
refining stage, ^o of the foremen, named Cranege, suggested 
to Hr. Beynolds that this might be performed in what is called 
a reverberatory furnace, in which the iron should not mix with 
the cool, but be heated solely by the flame.” 

Though donbting the snoaese of the experiment, Beynolds 
encours^^ the Ci^egos to attempt it in April, 1766, and the 
result of their invention surpassed the expectation of the three. 
The iron put into the furnace was old bushes, which are always 
made of the hardest metal, and the iron drawn forth was, 
according to Beynolds’s own statement, “ the toughest I ever 
saw. A bar, inch square, when broke, appears to have very 
little cold short in it. 1 look upon it as one of the most im> 
portent discoveries ever made, and take the liberty of recom* 
mending thee (Thomas Golding, of Bristol), and earnestly re- 
questing thou wouldst take out a patent for it immediately.” 

His aidvioe was followed, and a patent to the Brothers Cranege, 
as inventors of the process, was sacared for them on the 17th 
of June, 1766; but other inventions superseded it, and thus it 
eventnilly was of no benefit to them. 

Among the important improvements introduced by Beynolds 
at the Coalbrookdale Works was the invention and odc^tion by 
liim for the first time of iron radii, in Hen of wooden tramways 
along those roads by which the metal and coal were conveyed 
to tee famaoes and to the landing-plaoes on the Severn. The 
first idea of constructing railways is supposed to have been 
entertained between 1620 and 1660, when they were roughly 
conatmoted (ff wood, and one of this kind existed at Preston 
Pans, in Scotland, for when tec Highlanders routed the King's 
troops there, in 174i5, the oannon of Sir John Cope were cap¬ 
tured on the railway, or tram-road. Beynolds observed that the 
wooden raila soon decayed, were liable to be broken, thus inter- 
noting business and incurring great expense for repairs; and 
to obviate these inoonvenienoes, in 1767, he took up aU^fhe 
wooden nils and replaced them by plates of iron, tens fairly 
inaugurating the era of the iron railroad, and his example was 
followed on all the old tramways throughout the three kii^oms. 

It was at his works that the first bridge of iron the world had 
ever seen was constructed in 1779, after long care and fore¬ 
thought, as an attempt had been made some twenty* years 
befote to span the Bhone at Lyons, and proved a signal failuro. 

l%e erection of the bridge was perhaps due to the energy and 
enterprise of his wife’s kmsman, young Abraham Darby, who 
having become proprietor of tee Manor of Madeley, and finding 
that tee owner of Broseloy, on tee opposite side of the Severn, 
was equally anxious to bridge the stream where it divided their 
^ ponessions, and where its banks were steep, and the old ferry 
daagetons, set about proeoring plans for tee erection without 
delay. Empowered by Parliament, a company was formed; 
team were taken by the adjacent owners, the Bev. Mr. Harris, 
Mr. Jennings, and Mr. John 'Wilkinson—the latter a man of 
great entsc^se, and builder of the first iron ship. Abraham 
Darby was the prindpal lubscriber; and Ur. Fritehard, of 
Shrewsbury, prepared a plan, whioh, according to Mr. Smiles, is 
atm pteq^ed. It proposed to introduce east iron in tee a;^ 
of tm bridge, which was to be in span 120 feet, but only as a 
eurt of key, oeoupying but a few feet at the orownof tee arch; 
tUa rery sparing me of castdron indicating the timidity of 
teearddteet in working wite new material. Thus, hadhisplan 
bsm adopted, ** the problem ^ tee iron bridge woidd ai^ bare 
rmiafiMdituoived.” 


It wae set aaide, and anoteeir ardh entirely of oast iron was 
preparad at the worke under tee anperintendenoe of Mr. Dart^ 
and Thomaa Gregory, foreman of tee pattom.makeni, and 
arrangemente were m^e for oartying it into efieot. The abut- 
mente were built in 1778, and tbe following year saw tee bridge 
—with an aroh 40 feet high, and 100 feet in span—opened for 
traffic. The model of this etmoture is etiU preserved bj the 
Society of Arte. “ If we coneidet teat tee manipulation of cast 
iron was teen oompletoly in its infancy,” aaye Mr. Stephenson, 
in the Eneydopadda Britamniea, “a bridge of ensh. dimen¬ 
sions was doubtless a bold as well as an original undertaking, 
and the efficiency of the details is worthy of the boldneee of the 
conception.” 

Its site acroes the Severn was judiciously chosen, and such is 
its utility that now a thriving town named Ironbrid^ has sprung 
up around it on teat whioh was formerly waste land; “ and it 
is probable this bridge will last for centuries to oome,” adds the 
author of “ Lives of tee Engineers“ thus also was the use of 
iron as an important material in bridgo-bnilding fairly initiated 
qt Coaibrook^le by Abraham Darby, as the use of iron rails 
was by Bichard Beynolds. We need eoarooly add that, since 
tee invention and extensive adox>riou of railway locomotion, the 
employment of iron in varione forms in railway and bridge- 
structure has rapidly increased, until iron has come to be 
regarded os the very sheet-anchor of the railway engineer.” 

When tee Government, in 1784, proposed to levy a tax on 
pit-coal, Bichard Beynolds urged upon Wr. Pitt, then Chan¬ 
cellor of the Exchequer, and upon Qeorgo Lord Gower, after¬ 
wards second Marquis of Stafford, the extreme impolicy of such 
a barrier to progress. 

In that year sixteen “ fire-engines,’’ as those of steam were 
then named, were at work in tee Dale, eight blMt-fnrnaoes, and 
nine forges, in addition to air-furnaoes and mills at the foundry; 
and theae, with tee levels, roads, and twenty miles of railway, 
gave work and food to a vast number of people. Beynolds did 
not wish it to be understood that he sought for any special pro¬ 
tection for home-made iron, notwithstanding the low price at 
which it could be imported from Bussia and from Dannemoia in 
Sweden. “From its most imperfect state as pig-iron,” he 
remarked to the Earl of Sheffield, “ to ite highest finish in the 
regulating springs of a watch, we have nothing to fear if tee 
importation into each oonntcy should be permitted without 
duty.” The nobleman he addnssed on this occasion was that 
Earl of Sheffield who was Prerident of the Board of Agriculture, 
and wall known in tec literary world as a writer on political 
economy; and the subsequent history of the iron trade has 
fnlly justified tee anticipations of Beynolds. 

When the latter became more advi^ced in years, he began to 
long for retirement; he had no desire to possess wealth, yet it 
had flowed upon him, and he resolved to relinquish his shares in 
the iron-works at Kotiey to his sons, William and Joseph. The 
former, a man of science and an excellent meohanio, was the first 
to employ inclined planes, oonsisting of parallel railways, to 
eonnoot and work canals of different levels; and Telford, tbe 
engineer, handsomely acknowledged tee great assistance he 
received from him in planning the iron aqneduot by means of 
which tee Llangollen branoh of tee Ellesmere Canal was oorried 
aoroBS the Dee at the height of 126 feet a'bove a deep ravine 
through whioh the river flows at the width of 2,606 feet. The 
necessary ceilings were all made at tee Ketle^ works. 

In 1804 Biohard Beynolds finally left the scene of his long 
labours in bnqy Coslbroohdale, and returned to bis native town 
of BristoL There he spent the close of his years in works of 
oharity and benevolence; and though a rigid Quaker, be was 
foudof puuting, poetry, and musio. “ Many weretee instances 
of his princely, though eft the time unknown, munifioenoe. 
Unwilling to be recognised as tee giver of large swa, ha em¬ 
ployed agents to dispense his anonymous benafactoons. Thus 
he sent .£20,000 to Loi^don to be distributed during tee^tteas 
of 1795. He bad four almoners oonstantiy emidoj^ teBriatol 
finding out oases of distress,, relieving teem, and losemtiiv 
their oooonnte to him weekly, with detaila of the oases ramved. 

In tbe ti^1(y-firet ysaa of hie age, thia good old man died at 
Bristol, on tee lOth cd September, 1816, find was followed to b3» 
grave by the poor of tee city, while dergymen of ell denomi- 
natunus joined in tlw lemarlitele ptooeaeion. Hie obseqniee 
were oelebrated m the peouHar-but unobteotive manner adcfted 
by the Soeiety of Friend. 
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MAP AND PLAN DRAWING.—L 

Bjr C. C. Eisg. 

SITI'KBKNOR BUTWHRIT MA.FH AND ri.AK8—SHAPE OP THE 
SABTH—^PBOJECTION OF MAPS— I'BrANOCLATION. 

Map or plan drawinfr is the delineation on paper of any port or 
parts of the earth's snrface. The term map-derived from tho 
Latin mappa, “ a cloth," probably because maps were originally 
drawn for oonvenienao' sake on this material—should be, strictly 
speaking, confined to a representation of an extensive tract of 
land, when it is.called a terrostial or geographical map; but 
should the area consist chiefly of the sea or any other largo 

space of water, its delineation is 
termed a hydrographical map or 
chart. When we simply endeavour 
to depict on paper any small area 
which would not, on account of 
its size, bo materially influenced by 
tho ourvaturo of the earth, then 
wo designate it a plan, that is, 
anything drawn upon a plane. 

Maps and plans, therefore, as 
terms, are questions of degree, tho 
former applying to largo areas, the 
latter to smaller ones. Thus wo 
speak of tho map of England nr 
Europe, the chart of the Atlantic 
Ocean or tho Erlstol Channel; but tho plan of an estate, a 
village, or a house. A survey of a county is also a map; Wt 
as this under ordinary circumstances enters into very careful 
detaU, and depicts with great aoenrooy, not merely tho more 
important, but also tho minor features of tho district, it is 
entitled a topographical map, that is, one dosoribing minutely all 
the natural and artifioial peculiarities of tho ground. 

The object of oil map-drawing is to exhibit the character of 
the country or countries, their bouiularies, and the positions 
of their towns, villages, or great pliyBn-al features, with such 
accuracy that they shall boar on our delineation both the same 
relative proportions and tho same relative distances apart as 
they do on tho actual globe. This is simple enough if tho figure 
on which the copy is made is similar in form to that whence the 
copy is taken, the diilcrouco between tl-o 
two being only one of scale. 'J'bnt is, it is 
easy to portray tho snrfooo of the earth 
on a similarly constructod sphere. Bnt to 
lay down nil tho distance-^ and details on 
tho plane reprosontod by our paper, so as 
to give them all their relative values, is 
a matter of considerable dilBcnlty, and 
hence various methods have from tini>' to 
time been devised to enable gcogra)ilior.s 
to piolnre with aeonraoy tho surface of tho 
world. 

The shape of the earth is a sphere, or 
more properly speaking, an oblate spheroid; 
and for the convenicnco of geographical 
description its surface has been assumed 
to bo intoraeoted by a scrips of equidis¬ 
tant circles parallel to tho equator, called 
paraUcU of latitude; and again by groat 
ciroles passing through tho poles, and dividing the equator into 
360 equal parts, or geographical degrees. These are designated 
meridians of longitude,.' The geographical latitude and longi¬ 
tude, therefore, of a place are the oo-ordinatos which fix its true 
position upon tte terrestrial sphere; and for tho purpose of this 
determination the meridians of longitude ore numbered from 1 
to 180 east and west of that which is ossumod to poss through 
Chreenwieh in English maps, and tho parallels of latitude are 
enumerated north and sontb from tho equator from zero to 90 
at the poles. Other meridians and parallels for every inter¬ 
mediate minnte and seoon^of each division or degree are sup¬ 
posed to most, though they are not drawn, and thus the position 
of any plaoe on the earth's surface can be determined rela¬ 
tive^ on tho map. 

It ninst be remembered that in depicting any country or area, 
it Is first necessary to oonstruot, so to speak, a framework or 
to wMoh the relatito positions of the physioal or 
artifteial features oan be afterwards referred; and as this frame¬ 


work is represented in map-drawing by tho meridional ores and 
tho parallels of latitude, the first aim of the dmughtsman ie to 
determine their position accurately on his paper. Having theso, 
carefully indicated, he can trace without difficulty the country 
he desires to portray; the exact position of 'any points he may 
afterwards select as centres, whence to extend the examination of 
tho ground, being readily determined by the interseotion of the 
meridians and parallels of latitude passing throngh them. 

There are three methods of acoomplishing this—(1) pro- 
jeotion; (2) by Mercator’s projection; and (3) by the method of 
development. These various methods we shidl now i>rooeed to 
explain in detail, as fnlly as the space at our command will allow. 

Frojeotion is praotioally a means 
of representing in perspeotive tho 
eiroles of latitude or longitude, and 
oontainB further three diCerent plans 
for arriving at this result—viz., or¬ 
thographic, gnomonio, and stereo- 
graphio or central. They all labour, 
however, under the same disadvan¬ 
tage—clearly exemplified in the maps 
of the Eastern and Western Hemi- 
spheroB fonnd in the oommenoement 
of every atlas—^that of distorting Eig. 2. 

somewhat those parts of tho area 

which lie towards the outer portions of the circumscribing circle. 
They ore, therefore, rarely need, except in tho cases above men¬ 
tioned; and it will bo sufficient merely to point out briefly 
the prinoiplea adopted in their oonstrnotion. 

The orthographic projection assumes the eye of tho observer 
to be at an infinite distance from the plane which, interimsed 
between it and the sphere, is to receive the projected copy, and 
hence tho visual rays to the various points are parallel to each 
other, and also perpendicnlar to tho plane, which is technioally 
called the “ primitive." Tho result is to produce a representa¬ 
tion of the world in which tho meridional ares ate elliptical in 
form, liaving the meridian of Greenwich as the major axis, and 
tho radius of the circle multiplied by the sine of the longitude as 
a minbr axis ; while the latitudinal arcs are shown by straight 
lines, tho distances of which from the equatorial ore ore deter¬ 
mined by mnltiplying tho radius of the circle by the sine of the 
latitude, and measuring them off on the 
first meridian north and south of the equa¬ 
tor. This projection is usually mado on 
the plane of the equator, or that of a 
meridian (Fig. 1). 

The gnomonio or central delineation 
assumes tho eye of the observer to be at 
the centre of the sphere, and is most com¬ 
monly employed to depict the regions 
around the polo, when it is termed a “ polar 
projection." In this case the meridional 
lines radiate at equal angles from the 
polo, and tho parallels of latitude become 
concentric ciroles, whoso distances from 
the polo are — radius X cot. latitude 

(Fig- 2). 

Tho steroographionl projootion is used 
in must atlases to show the Eastern and 
Western Hemispheres, and it is supposed 
that the eye is situated ou the surface of the sphere, which 
is considered to bo a transparent solid, the plan being made 
on a plane at tho opposite extremity of tho diameter. All 
tho arcs in this instumee, except the central meridian an^ 
tho equator, take the form of oitoles or portions of them 
(Fig. 3). 

These systems are only applied in laying down a hemisphere 
or any largo portion of the sphere, and are, therefore, not 
applicable to tho oiroumstances nnder which maps ^re usnally 
constructed. Keferenoe to any atlas will show how much tiio 
shape of the continents is distorted, and this wonid natntally 
render these principles of projootion of but little iw where 
careful regard to relatiyis proportion, especially in small detaila, 
was essential. 

The first attempt to desoribo tho earth’s amtaee as a plane 
was made by Gerard Kauffman in 1512, and is called Met- 
oator’s projeotion, but the prinoiplea on which it is based were 
not fnlly e^lain^ till 1599, when Mr. Wright of*C!anffiridge 
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cKAHtincil tb«in and zoado an expoBitionof them in hia “Correo- 
tioa ol Certain Errors in Narigation." 

Ho depicted the Rorfaeo as a tmo piano on which tho 
meridion^ and latitndinal arcs were drawn oh pamJlol straight 
linos respeotiToly at right anglca to ono another. Tho former 
are fiqmdistant, but by a matbomatioal rule the latter ieerraso 
in distance aa the latitude inoroasos, 
in the Bamo proportion as the lengths 
of the degrees of longitude on tho rc- 
spoctiTO parallels of latitude on the 
map are increased, owing to tho fact 
that the meridional linos are repre¬ 
sented aH parallels instead of as arcs 
of great citolcs meeting at the poles. 

On the sphere tho degrees of longitude 
measured on tho parallels of latituds 
decrease in proooeding north or south; 
bnt on the mop they are tho same, on 
account of the parallelism of the meri¬ 
dians, so that it is necessary to maho 
tho distance between the lines repre¬ 
senting the latitudes such that tho 
same relative proportion between tlic 
longtii of a degree of latitudo and one 
of longitnde at any given point shall 
be the same on the map as on tho 
sphere—in fact, that tho bearing and 
diatsnoe of one place from another on 
both map and globe shall correspond 
(Fig. 4). 

The method of development is the 
prinoiple on which all ordinary maps 
an oopstmoted, and it will thereforo bo desimblo to oxatnine 
it more carefully. There ore many different plans of develop¬ 
ment, snch as globular, cylindrical, and conical, bnt they arc 
all similsf in &eir principle—that of roprosenting tbo earth 
on such a geometrioal figure that it will not be altered by being 
unfolded or developed os a plane, A sphere cannot be thna 
developed without destroying it; bnt a cone or oylindcr can be 
unfolded without altering tho value of anything described upon 
its snrfaoo. 

Tho oonioal method is most generally adopted, and it assumoa 
tho surface to bo mapped to bo 
a portion of a cone whose vortex 
is somewhere in the prolong.a- 
tion of the pole, and which 
either tonohos the sphere in a 
circle which in tho middle par.'il- 
Icl of latitude of the country to 
ho delineated, or falling within 
the sphere at this circle passes 
without it at its extromo paral¬ 
lel. Tho surface of this por¬ 
tion of tho cone whon developed 
or unfolded forms tho sector of 
a circle, and pictures with groat 
aocnracy the area to be ex¬ 
amined (Fig. 

Tho method of describing it 
on paper is as follows:— 

Draw any lino a b for tho 
central mwidian of tho map, aiul 
the point c as a oonvoiiicut 
{tbsftion for the central parallel 
of latitude. Divide a b into any 
large number of equal part-i, 
each of which is, on a chosen scale, to represent the degrees and 
minutes of latitude. Assuming the equator to bo divided into 
360 equal )>arta or degrees, this will give the radius of the 
tcrMHitrial sphere U 57'3 of these, which measure from c to B. 
Toko c n = the cotangent of the middle latitude of the plan 
reduced tS a radius of 57‘3 of tho degrees of latitude already 
marhed.* This point B will give the centre whence the arcs m 


* It readily done by meuiB ef the wiator. Open the arms of the 
'notrument until the distance hetween the points marked 45° on the 
line of hongeute (dmeribed by t) is equal to tbe given ndins c a. The 
distance between the points deaotiag the angles on the line tangents 


latitudo will bo described through the points on A B. -Divide the 
aro now described through the point o into equal parts, such that 
the length of a dogroo of longitude (tho division required) : tho 
length of ono of the degrees of latdtaflo already described t: cosine 
of Uie middle latitude : tho radius. Connect these points with 
tho centre o, and the meridians for tho given area aro obtained. 

We have now on paper a relatively 
correct ropresontation of tiie meridians 
and parallels of latitnde of the country 
wo are going to map,.and we can defi¬ 
nitely fix the position of any point on 
it by itg latitude and longitndo, and 
thus obtiiu a starting-point for the 
fnrtlior delineation of tho ground. 
'I'lio i>rinciplo on which aU surveying 
j-f based—whether (he more aoourato 
representation undertaken by a state 
to show tho boundaries of its torri- 
i oriea, with its towns and villages, or 
the simpler topographical maps for 
-..lilitary or statistical purposes—is 
that of uniting all the important 
points, physical or otherwise, on the 
iii'ca by a system of triangles com¬ 
mencing from a carefully measurod 
biiso, which forms tho side of tho first 
triangle. Theso are further intersected 
by a network of smaller triangula- 
tions, whioli will fix all the secondary 
points on tho surface, and finally the 
details of tbe ground are completed by 
rnoosuremont and tho theodolite, or by 
skotching them with the aid of some other portable instrument. 
Tho dogroo of caro with which this is done depends both on the 
scale, to which the drawing is made, and the purpose for which 
it is intended. Thus, a military plan or map showing physical 
details on a largo scale, made on actnal service, is, though 
Bufiioieut for tho purpose for which it was designed, not essen¬ 
tially extremely acourato, though it may bo made so if much 
time is provided for its construction. 

It is evident that tho vaino of this work of triangnlation lies 
in the exactitude of the base-line, and tho determination of the 

true position of the starting- 
point at one of its extremities. 
Extreme care in measurement, 
and a most painstaking repeti¬ 
tion of observations are essen¬ 
tial, for errors committed at 
this period of a survey aro not 
merely oontinned but increased 
08 tho work proceeds. With 
such nicety has this determina¬ 
tion of tho base-line boon con¬ 
ducted in the trigonometrical 
survey of England, that we 
find that a base measured on 
Hounslow Heath in 1791, was 
on ro-measuremont prov^ to 
coinoido exactly in its mean 
length with tho calculated di¬ 
mensions assigned to it by a 
triangnlation starting from a 
different base. A still more 
startling instance of the degree 
of aocnracy which can be ar¬ 
rived at, is that of the measnre- 
ment of a “ base of vorifioation ” in Ireland, when, (..ter carry¬ 
ing the triangnlation across -St. Deorge’s Channel, the distance 
between two points on either aide of ono of the Longhs was 
trigonometrically oalcnlated. On measurement it wan dis¬ 
covered ,to differ by only aome tww or three inches from this 
calculation. 

The value of precision in the determination of a base-line is 


whose tanfiml is to be foand will give the leqdirvd mdins for deiOTlbiiig 
the ores Qf latitude. It may be montiooed that the cotangent ol»ihe 
middle latitude ie = fnnjoRt of (90*''*' middle latitude), and that tUs 
tangent ie the one employed in flndhig the la^us from the Mctoc. 
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OTideni^ most inpoftant, and whether in an extended Bnrroy ort 
axongfa skotoh or reoonnaieennee, it ehould bo fixed and meaenred 
with all the oare that can bo bestowed on it. Time is never lost 
by so doing. 

The ground selected for it shonld be as extensive ns possible, 
and should admit of a largo series of prominent points and 
objoots being seen from both ends of it. The mure level it is, 
the more carefally oau the base bo measnred, and the loss 
necessity will there be for reducing it to an aoenrately horizontal 
plane. Having chosen an area that fulfils these requirements, 
one extremity of the base is accurately fixed by observations 
giving its exact latitude and longitude, and thus we have not 
merely a known point of departure on the terrestrial sphere, but 
are enabled to mark it definitely on the projcctc<1 dcliuoation of 
the surface wo propose to transfer to paper. 


xMUSEUMR; THEIR CONSTRUCTION, 
ARRANGEMENT, AND MANAGEMENT. 

BY SAKtTEt. H10HI.BV, F.O.R., KTC. 

Vm.—NATIONAL MUSEUMS (contnmed). 

1. iSiifc of the Tti-iHsh National Mu^eiim of Nataral History. 
■—iOight years after the dato of that final estimate of space 
required, from the data herein oontainod, the Premier and the 
Chancellor of the Eijehequor declared, on the annual report and 
estimates of the offioers of tho British Museum being brought 
before Parliament, May, lft70, that it was the intention of 
the Ministry to carry into effect, without any further delay, 
the oreotion of now buildings to contain tlio natural history 
oolloetions, and so ease the other departments of tho British 
Mueeum from their present engorged condition. It is under¬ 
stood that a plot of ground to the south of the present Inter- 
natioAal Exhibition galleries has been reserved as the “ Site 
for the Natural History Museum," such plot being so marked 
on tho groniid-plan in last year’s catalogues of the luterna- 
tional Exhibition. As this, according to an uflloial plan of the 
Gore Estate published in the Bepoi-t of 18(12,'* consi-sts of 164 
acres, giving a clear paralhdogram of 1,100 foot lung by 
over 550 feet wide, wo may conelcdo tlui,l, tko question of 
site is at lost definitely settlcd.f In ibo lieport of 18G0, it 
was stated that while land immediately adjoining the British 
Mnsenm could not l>o obtainad nndor XoO.OOO per acre, the 
Commissioners of Her Majesty’s Cc'mtni'-. ions of tho Great 
Exhibition of 1851 worn willing to dispose of tbeir land on 
tho Gore Estate for such » purpo^fc at XlO.OttO ijor aero. In 
oonsoquenoe of tho great delay, tho \alnc uf the land, it is 
asserted, has been ineroased, by the interest that has luicrned 
through the land staniling vacant so many years since that 
offer was made by one (jiovermuont depariment to another. 
The objection that was in former days raisoil cgaiTist a site at 
South Kensington, as tor. unnentral a position for the eon- 
venience of a largo portion of the inhabitants of London is 
removed by the ooraplctiou of tlio outer circle uf tho Under¬ 
ground Metropolitan Hallway system, so that it is really more 
easily aocessible to those in the outskirts of the metropolis, than 
to those living in its centre, though the various moons of 
aooess may bo regarded as toler.-ibly well equalised for all. In 
1860, Mr. Pautzzi stated that the average number of visitors 
to 'the exhibited collections at tho British Museum was consi¬ 
derably over 2,000 a day, and it may bo noted that the average 
attendance at the Int< rnational Exhibition of 1871 was over 
8,000 daily. Vv liat ■would have been tho number finding their 
way to South Kensington daily, bad that Exhibition, as in tho 
ease of the British Mnsenm, been open to the public gratni- 
tonsly ? Tho South Konsinginn Museum has also been visited 
by vMt numbers of people. 

2. Classes that National Collections have to provide for .— 
First for consideration are the working scientific and ajdiistio 
students, who would consult the various spoeimons oolleoted 
and arranged for their use, hi the some way os the literary 
stndonts avail themselves of tho books in onr public libraries, 

* Failianentaiy Paport, 1864, Vol. ZXXII. 

t Soring the presest semrion (rinee this article was in type) Mr. 
(Nadatme has stated that a vote of £30,1)00 waa mode last year tor the 
emotion of a Notunl History Mosenra, and that the plana and designs 
had been i^pzovsd, and tenders for the work invited- 


nndor sniteble regulations; secondly, toohnioal etudents, who 
by examination of the spoeimons and attendance at- lectures 
and demonstrations, wish to make themselves praeticolly ae-* 
qnainted wifh tho materials they eroifioy in 'thdr trades or 
profossions; and thirdly, the mass of the public, who merely 
; 'visit snob museums to pass the time, and find amusement. *Of 
tho lower order of visitors. Dr. Gi-ay says that on tho public 
days and hoKdays they stream quickly through the rooms 
without ovinoing any iiitclligcnt interest in what is set before 
them. Of this type I recently came aercss a very fair example 
in the mineralogioal gallery of tho British Museum. A boy was 
attracted by the brilliancy and brightiiei'B of colour of tho 
sulphur group. “‘What’s these, tnolher?’’ ho inquired of a 
woman whoso rotund body and equally rotund basket indi¬ 
cated materialistic rather than scientific tendencies. “Them’s 
onrosites, my dear,*' she replied; and this \ i-obably is an average 
oonooplion of a largo portion of the wage class who do their 
“ outing’’ at our pnblio museums. On the ether hand. Dr. Gray 
also testifies to tho intolligonco dt hundreds who come from the 
north, cost, and south of London, especially from Spitolfiolds, 
with speoimons of eggs and iuRects to compare and name. 
With this olosH tho collection uf British zoology is tho most 
popular in tho Mnsenm. Professor Maskelyiie speaks of tho 
intelligent observations he has heard made by men of the 
working class on specimens arranged in bis department. Mr. 
Hobert Hunt and Profeasor Hnxloy testify to the intelligence 
and attention of tho working men who attended the evening 
lectnres at the Sohool of Mines, and tho latter observes in his 
evidence given before the Committee on Ikiblio Inslitutioiia.* 

“ Even in difficult arguments they follow the whole case, and 
show tho most perfect possession of the facts, by the questions 
they ask at tho end of each leotnre.’’ Tltis class, it should be 
noted, prefer oonsnlting specimens displayed to the public, and 
rarely like to trouble the keejicrs with a request to consult the 
nnexhibitod uollootions in the private studies. A great number 
of teachers bring their pupils to see the coUeotions. The expe¬ 
riment of opening the Mnsoum late on Saturday afternoon did 
not prove suecessful, tho number of visitors only averaging 500, 
instead of 2,000, on that day, but tliis may have arisen tbrongh 
it not being so genoraUy known that Sat^ay had been ma^ 
a pnblio day, as on Mondays it has been densely crowded by 
the wages ojasBOs. ^ 

3. DistrUution of the Collections .—To meet the Teqniromcnts 
of tho throe classes heroin specified, we find a generally recog¬ 
nised conviction that the working or scientifio naturalistB oonld 
best be aocnmmodatod iii private studies, whore every facility 
should bo given for examining, and in euitable cases handling, 'the 
preserved skins, preparations, ostoological speoimeus, herbaria), 
minerals, etc. These studies should also form the store-rooms 
for *11 specimens least suited for public exhibition that can be 
packBd away with gr eat economy of space in the rlrawora and 
trays of cabinets, or in storo-lX'Xes, and should be in imme¬ 
diate communication with such portion of the public galleries 
as may be devoted to the same class of objevts, also with the 
rooms sot apart for tho keepers of tliat class. In tho studies 
shonld ^ stored what may bo called author’s types (in contra- 
dietinotion to tho term typical forms and typical species) : theso 
are tho absolute spoeimons employed by an author when de¬ 
scribing in book or periodical tho nataral history characters of 
an object. Thus tho fishes in Yarroll’s colloolion at the 
British Museum are tho author's typos, as conneoted with his 
standard work on “British Fishes;’’ sneh types. Dr. Gray 
observes," are neither intended nor adapted for exhibition.’’ In 
the studies should bo kept, in preferenoe to a central library, • 
all books of reference, memoirs, papers in periodicals, etc., con¬ 
nected with the class of objects to wbioh such rucims arc devoted. 
At tho British Museum “ the books cannot bo brought to the 
specimens nor the specimens to tho books,’’ A scientific 
library may be useful without speciinons, but not a oollection 
of natural history speoimons -without books. Both Dr. Gray 
and the late Sir William Hooker testify te the advantage of 
working over show speoimeus for determining natural liistory 
oharacters. Thus nnstttffed skins, disarticulated skeletons, 
and dried plants, may then be placed in tho student’s hands 
with little fear of injury, and in that condition occupy a mini¬ 
mum of spaoe. Dr. Gray states that a oollection of birds 


ParHamontory Papers, 1860, 'Vol. XVI. 
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eqnal to that in tlio Arian Gallery of the British Musenm 
^800 feet by 60), ocenpyinff wolUepaoe equal to 13,600 foot, way 
bo stored in boxes in a room haring no groator area than 1)00 
feet; that the collection of inaecta is kept in cabinets in a 
1 * 00 % haTing an area of 1,509 foot, but if displayed in table 
eases vronid require a suporiioial area of 05,000 feet ; that the 
Cummlng collection of shells, the moat complete in the world, 
only occupied two small rooms in a private house, but if dis¬ 
played, wonld roquiro a gallery “ quite as largo os that in which 
the birds and shells of tho Musenm are at prosent exhibited.’' 

The class of teohnioal students is only represented in this | 
country by those who have attached themselves to tho School 
of Miiie.s, though wo have a Museum of Koonoraic Botany at 
Kew, and tho germ of a Museum of Technical Zoology in the 
Food CoUoetion at South Konsington Museum. But this class 
requires something more than a mnseum: it needs a teaching j 
staff also, and a separate existenoo from a purely Sdentiflo 
Ifational Museum of Natural History. As there are professors { 
of chemistry, physios, applied mochauios, mechanical drawing, 
mineralogy, mining, metallurgy, and zoology, with suitable 
illustrative si^ecimens, models, oto., 'might not tho sphere of 
this cstabludiiuont be extended, so as to include iustruotion on 
botany, together witli technical botany and zoology f If it baa 
been determined to remove tho existing teaching staff of tho 
School of Mines to tho now “Science Schools’’ at South Ken¬ 
sington, why might not this extension of its original sphere of 
action be made at a time so favonrablo fur re-organisation P Tlio 
mutual proximity of the soientifio and economic collections is an 
obvions advantage. ’Whether the tochnieal illustrations of tho 
Ifow Mtaseuro shonld bo removed to London is a question that 
ought to be calmly discussed in the mutual interests of tochtii- 
eal rtnJents and botanists generally. Tho Food Museum in tho 
South Keiisiiigton Museum is on the spot to bo utilised to the 
greatest advantage by the professors of the Science Schools, or 
of tho Technological Museum, under whatever authority it may 
be idaced. 

The third class for which tho di rectors of a National Museum 
have to provide—viz., tho general tmblic—^is that which re¬ 
quires tho greatest eonsidoration, as to the best means of 
silently conveying inforniotion on the general strnoturo of 
natural objects, ilioir place in the scheme of Nature, and the 
“life-history’’ of living forms, in tho most attractive manner. 
This series ranging from tho mineral to man would, together 
with the ejjechnons koi)t in store in the studies, cmbrnco tho 
entire chm!jud co^i Hion of natwal forms, mineral, vegetable, 
or aiiimal; but beyond this, there should bo an inlrmluelory 
rollrrtion, wliieh shonld include Hpcoiinons, models, diagrams, 
etc., to illustrate the terms used in defining tlic external and 
interna! charaoters, parts, and forma of miucrals, ijlants, and 
animals, and those epitomes uf the charaotevistics of the gr^at 
divisions of the mineral, vegetable, and animal kingdoms that 
are known as “typo forms,’’ such ns are defined in Huxley’s 
“ Introduetioii to the (ilassification of Animals,’’ and lloIlonton’S 
“ Animal Forms,’’ both but roeimtly published. At tho present 
time the speeimeus in tlio Britisli Musenm are jumbled, verte¬ 
brates and invertobratos in the same room, as birds and libells, 
mammals and enrols, reptiles and Crustacea. 'With ample 
apace at ei'inraand all naturalists advocate a progressive 
aeries extending from the simplest inorganic crystal np 
to tho highest organised animal—^man, but that only a 
soleotod series need lie exhibited p.ablioly, which it h:is been 
the fashion to term a “typical oollootion,'’ but as Professor 
^Owen very justly observes, “ Those who are the loudest in 
advocating the restriction of exhibited siicoimons to ‘ typos ’ 
have contributed least to lighten tho difficulties of tho proo- 
tionl curator in making the selooUon,’’ and very pertinonily 
raises the question as to what species should be selected as ihc 
“typo” in various groups of the animal world ho speoifies. 
Others term what is aimed at as tlio “representative” system 
of arrangement. It is agreed that a national zoologioal ooUec- 
'tion ehq'ild include the male, female, and young at one or 
more stages of maturity, the skeleton of tho same, or parts 
thereof, winter and eummer coats, plumage, egge, nests, eto., 
of vertebrates, the metamorphio phaeos of invi^brates, every 
known variety of species obtan^le (of vast gnportanoe in oon- 
nee&n with Darwinian viewa), .menstrosities, and distorted 
forma, etdl; but Frofeesor Owen speaks of exhibiting only 
» portion of snob treasures to publib gaze, in wfaioli the 


curator must bo guided “ by tho principle of selection.” The 
fact is, tho problem has never been worked out, as to what 
really is essential for public exhibition in a Natiomd Musenm; 
but tlie change from Bloomsbury to South Kensington will 
give an opportunity for exercising the judgment of our praotioal 
onrators, in determining what speoimena, under what arrange¬ 
ment, would beat represent in “Life-history Groups” our 
existing state of knowledge on natural history, and in sueh a 
manner as to make that other revelation of the Deity, “ This 
Booh of Natobk,” written in stone tomes, on the leaves of 
plants and on the skins of animals, readable by the masses of 
the people. 


TECHNICAL DRAWING.—LXIX. 

DBAWINQ FOE BRICKLAYEES. 

Fr.BMISH BOND. 

Fbemisb bond implies brickwork so an-onged tliat the brioks in 
every oonrse present the appearonoo of a header and a strtytoher 
alternately, from one ond to tho other, and in sueoesBive courses. 
Nvery header is placed over tbo centre of a stretober below it. 
Closers are placed next to tho comer headers in alternate 
courses in the manner and for the purpose already explained. 



Tho appoaranne of a wall built in Flemish bond is therefore 
that shown in Fig. 565. 

We again adopt as our illustration a portion of a wall equal 
d 


Fig. 

570. 


Fig. 

671. 


to seven briqks in length, one brick thick, and terminating with 
perpendicular ends. Figs. 566 and ,567 are the plena of two 
successive oourees of such a wall, and Figs. 568 and 569 axe 
eeotione on the lines a b, 0 D. 
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It will be evident that in tbk well botii eidea wiU be alike; 
bnt in walls of greater thiokneas two different arrangements 
mi>j be adopted, called tingle and dmMe Flemith bond. 

siHrsu rugiuBH aom. ' 

In a wall bnilt in what is called single Flemish bond, the 
bricks are ae placed that whilst Flemish bond ia seen on the 



rae aide, the bond on tho other is English, which arrangement 
is only applicable to waUa of more than ono biiok in thioknoag. 

In such coaea tho Flemish bond, aa being coneidered the 
moat pleasing, appears, of oonrse, on tho face of the wall, or 
external surface of the building, which is erentually the only 
aide generally exposed to view. 

Common single Flemish bond is merely a modification of 
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Fig. 573. 


|Fig. 
-r- 572. 
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Pig. 576. 
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English bond, which may by some be oimiddered more orna¬ 
mental, bnt which is certainly ndt so strong. 

Ae in English bond, there are in this method heading and 
stretching courses alternately; the stretching course consists 
mecely in using bats or half bricks, instead of wholu bricks, in 
erery alternate coarse in the face of the wall, as shown in 


Fig. 

568. 
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I^. 570, In the heading courses real headers or whole bricks 
are used in the face of ibe wall, between which every stretcher 
is backed with a second brick also laid as a stretcher (Fig. 571). 


Unth tins exception of using double stretchers in the heading 
courses, the same arrangement followed ae in English bond 
of filling np sU the remaindw of a thick wall with header#. 
The mle of not breaking the horizontal .joints is also observed 
in this method. 

Fig. 672 is the section on a B, and Fig. 573 the sectioli on 
c D of the wall of which Figs. 570 and 571 are the idans of 
alternate ooursos, tho wall represented being of a brick and a 
half in thickness. ' 

Figs. 574 and 575 are plane of two snocessive courses of a 
rail of tho some descriptiOD, but two bricks thick. 


Fig. 569. 
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Fig. 576 is a section on b f, and Fig. 577 a section on a u. 
Figs. 578 and 579 represent the plans et two Eucoesaivo 
courses of the comer of a house in which the walls arc supposed 
to bo three bricks thick, built according to the common singk* 
Flenush bond, and having the dlosers checkered in the usual 
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SANITARY ENGINEERING.—XX. 

HOULE'S PATENT EABTH-CLOSET SYSTEM. 

In a series of preceding pai>ers wehave treated of in some detail 
the practical methods of dealing with sewerage where water is 
employed, and whore a system of drainage is provided by means 

which all soil, ae it is specially designated, is washed away. 
ItssII these cases, as for as the immediate tenant or occupier of 
a bouse or cottugo is concerned, the sewage, with its attendant 
value (no supposititious matter, but one which can be easily 
calculated and expressed in its squivalsnt of pounds, shillings, 
and penoe), is removed from tho premises by means of rim 
drainage; and nnless, under some of the more extended dis- 
infe^ing. processes recently introduced, the entme sewage of a 
hamlet, town, or bwough is otherwise dealt with, the value of 
all these matters aa nuinnre runs to waste. 

Wo have now to explain a totally different set of ciioum* 
stances. In Houle’s eartli system water ia not only not required, 
bnt the prosenoe of more than a oertaiu per-centnge of moisture 
luaterially interferes with riie effioient aotion of the process. 
Instead of water being employed to wash away, earth 
employed to absorb and deodoriM. This practical experience 
proves that it does most riwronghly and effectnally; and, 
therefore, the oonditions under which a closet Las to be oon- 
structed ore to^ly different in detail to those given in oitt pre¬ 
ceding papers. It has boon asoortainod by repeated experiments 
on an extended scale that about a pint and a half of dry earth 
thrown on to the surface of a vessel containing what ia usua^y 
called an ordinary “ dqjeotion ” is amply sufficient y> quantity 
to absorb all noxious effluvia and ordinary gas products; and 
the objects of the special patent are the mechanical means 
adopted to apply this first principle effloiently in tho necesssiy 
det^. 

The dryness of the earth need and its absorbent mialities 
are the first requisite. Sand, especially of the deseiKptiou called- 
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by arobiteotB B.nd engineert) “sbarp,” is imoleSB, becauso it is legalised by the new “Sanitary Amendment Act,” J<dy diet, 
(don-absorbont; tbe sharper, in teoimioal pbiuo, the sand is— 1868, and that, therefore, there ia no statutcoy reason against 
the more fragments of qui^z or comminute flint it contains thoir general introdnetion. It will be evident tihat in inany 
-tbo more its powers of absorption and doodorisation are ! situations where water is not easily proouiable, or where the 
dingnished, and the loss fit does it become for the special object | general arrangements for water-supply, as understood in our 
under notice. I>ry loam finely powdered, or dry olay in a i metropolitan and provincial towns, is ineomplete, their introduo- 
similar cenditien, mo the materials that only shouhl bo used; ' tiou will be attended with advantage. In large and crowded 



and there ia this curious feature, that they may be re-dried j city districts, where there is already a complete organisation 
after each operation, and this without any objectionable result, under the preaeniwystem, the same opening does not exist, and 
andwluu dried used again. This maybe repeated oontinuously, difiiunlties lie in the path of the bztondod introduotion, not on 
even up to twelve or more times, each Umo oonsidorably in- the ground of any d^eot in the general iwinoiple adopted, but 
creasing tlie value of the matodal as a manure. In the sequel only arising from the fact that the neoessaiy facililies for tbo 
we intend to quote vsrions figures from .competent authorities as rapid removal and utilisation of the resulting produeto are not 
to the value of the result thus obtained. at hand. 

general principle of the patent thus explained—i.e., the For small towns, hamlets, and villages with deficient water- 

cmployi^eftt of-earth as ut absorbent in plaue of water as a j supply, of which there are so many thronghout the country, 
diluciit^-:^>o may proceed to say that the use of these cdosets is ' the system may be safely recommended, as here not only do tlto* 
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facilitUsa exist for ^eadi^ obtaining a supply of dry earth or j 
loam at a moderate outlay, or no outlay at all, but tbu flolU 
for the utiUeation of the prodnuta lies at the very door, in tho 
gardou or the hold adjoining. 

Having thus dealt with the general ijrinoiple, we now proceed 
to detail, Tho outward appcorauoe of the closet in cuustructiou 
ia exactly in accordance with our usual habits; seat, riser, and 
liil may be taken as identical with those in ovury-day nse; but 
bore the resemblance ends. Instead of the almost endless 
system of pipes, the oiatem, the traps, the valves, etc. etc., 
usually required, the pnly requisite is a vessel in the fom of a 
hopper, made generally in galvanised iron, to contain tho dry 
earth, whioh is the absorbing and deodorising agent. Tho sub¬ 
joined skotuhcH will show the form in which it is applied, and 
the various mechanical working details will now be explained. 

Fig. 30 represents 


motion of the chuckor, whioh resembles iu its action a binged 
scoop. In this caso on arrangement is also shown by whioh a 
\ fixed reseryoir, a, is provided above the hopper, b, which canibe 
I filled with earth at stated intervals, and thus keep the hopper 
' supplied. 

' Having, then, in the preceding remarks practical!? illus- 
, tratod the matter iu hand, wo will now proceed to giro one or 
two cantions as to the use of tlieso closets. 

1. Tho earth must bo dry find sifted. 

2 . One ebargo must always be thrown into the rcoeivor 
before use.. 

3. No slops must bo thrown down.' 

4. In every case, either with imll or handle, or self-acting, 
tho action sliould bo givon wiib a jork, so us to throw the earth 
freely forward. 

With regard to the drying of the earth after use, wo may 


tlio simplest form of 

closet of this de- j—” 

soription, showing -; 

tho vibrating hoj)- I 

per, the handle that 1 \\ 1 

moves it, and tho il \ 

bearers that carry yy'/ \\ \ 
the scat and riser of 11 

an ordinary closet. '/y/ 

The general ar- 
rangement, tho yy- 
upaou required, and '/// 
the mochaiiical no- 
tion, wiU be e\- yyy 
vlainod in some of /^ 
tho following out'. 

A is the handle, by '/[y 

ineans of which tho - — 

vibrating hopper, B, j / V'^Si 

discharges the to- ( /' Vi-^ 

(luisite volume of L ...... (y . \kS 

diy earth into the 

receiver below. In \yyy ' 

Fig. 81 the principle 

ia the same, but in- 'yZ/yy 

.stead of tho direct yyy 

pull from the liandio 

the matter is so or- \y^ 

ranged that by 

moons of a lover uu yy • 

aotioa is obtained 

similar to that of an yy _ 

ordinary closet. Tho yy 

pull-up handle is at yy 

A. Mg. 32 is an 
adaptation of the \y 

some principle to a 

self-aoting closet, _ 

as it is twhuically \7 i 

termed—i.e., one in --- 

whioh, by tho binged 

action of tho seat itself, by the simple 


—v ., ^,,■,'■3 mention, as an inshmco of tho practical facility of tlio process, 

' the offices of tho company in tiarrick Street, Covent Gardes. 

n '., One of thoso closets is in daily use, and tlio earth is kept in tho 
; cellar, and dried under tho fireplace in the show-room itself; and 
I although the process is repeatedly gone through, and tho earth 
; kept in a heap in tho basement story, there is no trace of 
a jj j t \; ■ unpleasant effluvium. But, as wo said before, existing orrange- 

h I Q I merits make its introduction difficult in towns on a large scale ; 

_ _ J l J ^ but for prtvate use, in tho shape of commodes—of which the 

company show several varieties, which are really elegant pieces 
' y ! furniture—in the sick-room, and in localities where there is 

I j no irumodiato convetrienco accessible, its use may be safely 

I . ; recommended. As to the value of tho resulting muKuro in 

I country distriota, 

Wnl ! Gadsden, who 

mj) ; s -' / forms COO aaics of 

\ ^ ^ *' hesitation 

\ jf ^ ^ estimating its 

__.1^-^.. _ . ...^ minimum value at 

SS, --ton.” Mr. 

== ——' ^ Taylor, of llorches- 

^ ^ "■ nsanufaoturer 

^ of agricultural im- 

\ ^- - —'* if m plemeuts, and a 

\ / ^ manure merchant, 

\ Pig. 33. \‘y M supplies the earth 

\ /' ^ closets and 

\ / ' urinalsof the Dorset 

\ P / ' 0 County School, and 

_ 2 '_g'’ ___ _J -i M ho considers tho 

t,.. ^ j value of tho manure,' 

\ • / ! W when used but once 

\ * . / 1 ® doBct, to be 

\ / ‘ ^ worth ^2 to jCS per 

__ —< _ = ^ ,, eiders that it in- 

j I i ..—.'17 creases ia value in 

_ _ \ ■ ! - — I . i i -h-—^ proportion to the 

number of times it 

weight of tho body, tho ' passes through tho closet. Similar opinions may be quoted in 


Pig. 33. 


same result is obtained as by the simple handle (Fig. 30) and 
the poll-np action (Fig. 31). B, B are tho plates attached to tho 
seat, whioh, rising by a self-aoting motion when relieved from 
weight, discharges tho requisite quaBtily of dry mould by tho 
methods we shall now describe. 

In the section in Fig. 33, b shows the hopper coi 1 aining the 
dry earth, with the handle, as shown in Fig. 30. When tho handle 
ia pulled tho vibrating hopper is moved forward tc tho dotted 
line indicated by the point E, the bottom edge traversing tho line 
from c to B, and discha;rging tho certain quantity of loose earth 
into the receiver, v. On the handle being pushed back, a fresh 
charge of earth falls from the hopper, and it may bo used again 
imm^iately. * 

We next give onotiior arrangement of tho same kind (Fig- 34), 
in whioh the vibration givon to tho hopper is only a quarter of an 
inch, with a view of loosening ond shaking down tho dry earth, 
tho discharge into the receiver being made by the “ ohuoker,” 
08 it is called, fixed at tho lower mouth of tho hopper. Tho 
shaded lines show the position of the earth when the closet is 
at rest, and the dotted lino ot point o indicates the extent of tho 


groat numbers. 

As instances of the practical use of the principle on a large 
scale, we may quote tho Camp at Wimbledon, Broadmoor Criminal 
Lunatic Asylum, tho County School at Dorchester, and many 
others. Under date 11th of July, 1867, the Government autho¬ 
rities of India write : “ Not only has Mr. Monlo’a system Iffieii. 
very generally adopted, but it has been found to be a public 
bonofit of great value.” Into the details of its application to 
urinals, pubUe and private, slops, kitchen waste, and foul water 
generally, our space will not allow us to go. We conclude with 
an illustration (Fig. 38) showing how this principle can be 
adapted for uso on difiPereut stoioys and at different levels, and 
tho products received in a vault in tho basement. Our readers 
who aro familiar with drawings will readily unAerstoud ti»e 
illustration without our explaining the details. 

For every and all situations, or to supersede our prosout 
method of fiushing and water-supply, it would be Utopian .to ^ 
recommend tbe earth-closet system; but wo may say, without 
hesitation, that under many conditions its intrwluctlbn would 
be attended with manifest advantage ^ the public. 
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MINING AND QUARRYING.—XXIV'. 

r BT OKOBOB ai.AI>BTONB, 7,0.8. 

IiEJU). 

CVmT 07 OBB—aBKBa4]:J.T ABO B WTn rBB OWe—OBOLOOICAIi 
tin) aEOaRAFHICAIi SISTBIBOTIOM—^AOB 07 LEAD WOBE- 
JNOS—OHABACTBB 07 BBAS TBINB—DBBSSINO TRB OBBB 
—^ABSATUrO. 

In ibe miBing rad metallingy of lead, Qroat Britain takes the 
txvi rank amongst the nations of the 'world, aboat one-half of 
the entire sap^y of this metal being the prodnoo of the British 
Uanda. Wh^ speaking of lead too, it is impossible to pass 
BBBOtioed the remarkable foot that silver, in greater or loss 
gnratity, is almost, if not always, sssooiaM vrith it; so that 
although silver mining as a distinct operation does not exist in 
tluB ooontiy, Britain ranks second only ‘to Spain among the 
nations of the Old World in respect of the production of this 
precious metal. 

It will be iutpossiblo, therefore, in speaking of load, to avoid 
frequent reference to ^ver, though &e writer will endeavour 
to keep the two subjects as distinct os possible. 

It seems now to be oonclusively established that gold also is 
always associatod 'with lead, though in snch small quantity as 
rarely to be worth consideration. 

niere is but one ore of load which is of oommeroisl importance, 
‘the sulphide (FbS), eomiponly called galena; rad the nietol- 
htrgio processes wo shi^ describe will 'therefore relate to 
this ore alone, though many other combinations exist in Nature. 
The latter are interesting rather as minetalogioal speoimens: 
they never occur in England in sufficient quantity to render 
any speeial metaUargicsl processes necessary. The oommonest 
of them is oemssite or lead spar, which is a carbonate of lead, 
fanning large, transparent, rad generally colourless crystals, or 
sometimes fibrous or ear&y masses. The sulphate occurs in 
BpotB where the sulphide has been affected by the action of the 
‘weatiier, but where no carbonate of lime has been present to 
esavsh it into the preceding. The oarbonate accordingly is 
gesMBolly found where the lodes of galena oocur in the sedi- 
meKtaiy limestone rooks, rad the sulphate in the older aigil- 
laseoas deposits. The phosphate and arsenate of lead are 
frequently associated near the outcrop of the lead veins. 

Galena occurs in this country principally in the clay slates 
aad limestones ranging from the l^wer Silurian ‘to the Corboni- 
fesons formation indnsive. The latter rock has hitherto supplied 
about two-thirds of the entire produce of 'the British Isles, 
though recently some very rich deposits have been opened up 
in the Lower l^niira rocks of. Montgomeryshire rad Cardigan¬ 
shire. Thus the groat lead district of the North of England, of 
which Alston Moor is about the centre, lies in the Carboniferous 
limestone; tiiat of Derbyshire in the some. The long-wrought 
Welsh mines, which are also remarkably rich, are partly in the 
Carboniferous limestone rad partly in the Lower Silurian slates; 
those of Devonshire rad Cornwall are in the killas or^clay slate 

the Devonian ago; those of Lanarkshire and DumfriesiAire in 
‘the same; those of the Ue of Man in SUurira lumestones; 
whilst the Irish form an exception to the rule, and are bhlbfly, 
ia granitia rocks. 

On the Continent there are largo deponis in Gtonuany, Sweden, 
Spain, France, rad Greece. Some d those in the two former 
are, however, so remarkably rieh in sQver, that the mines are 
aotnuBy worked principally for the sake of the latter metal; 
the lead, though ol course far greater in bulk, being, as it wore, 
only a secondary product. A very la^ district in the United 
States of Amutloa is rich in lead ores, rad as the popnlation 
inoro a ses in that r^on (extending bo& westward and sonih- 
ward from Lake Michigan), the working of these is attracting 
hioroaaed attention; the dsy indeed is probably not far distant 
when the United States vrill be one of tiie largest lead-prodnoing 
countries in the world. 

Tba history of lead-mining in this country goes back to a re¬ 
mote antiqiuty. There is no question that lead was extensively 
worked by the Bomans; referenoe to its abundance in Britain 
is not nnoemmon in ih^ historiea] writings; many of the old 
waridags are sitnated in disttiots which they oooupisd, rad 
, indubitable Bomra remains have been found in them. More¬ 
over, p^ of lead of Bomra age have frequently been disin¬ 
ters^ ad is even strong evidsnoe that the working of 
the lead mipee has been oontinuous from that period till now, 


in the enrions fact that the ancient pigs ore cf the same sise 
rad form, rad bear the same distinguishing marks as those of 
the same distriot in the present dsy.' Lead, too, was very ex¬ 
tensively need by the Bomans, and they seem to have been 
acquainted with a variety of purposes to which it could be 
applied with advantage. Thns, in ‘visiting the houses of the 
luxurious inhabitants of ancient Pompeii, &e traveller will now 
find behind the elegant fresco paintu^ that adorn the walla of 
the reo^tion-TOoma, that a l^er of sheet lead has been placed 
between the briokwork rad tiie stnooo to preserve the latter 
from damage by wet. In our metallorgioal prooeases it is 
evident that we have oonsiderably improved upon the anciente, 
so that the refoee slags from their furnaoee are often found to 
be rich enough in meM to be re-smelted with advantage. Thus 
in some ports of Somersetshire where the ore ie not ‘worked 
now, there ore smelting establishments for the sola purpose of 
using up the refuse from former works; and a considerable 
portion of the lead now manufootored in Spain rad Qreeoe is 
in like manner derived from what ‘was thrown aside as volueleBB 
by the ancients. 

The load mines in this country ate rarely of any great depth. 
Some of those in Northumberland, where the rock is liable to 
very great throws in oonsequence of the whin dykes which dis¬ 
turb that port of the country, ore 600 feet deep, but they are 
generally much shallower. One or two of the mines in Devon¬ 
shire are of oonsiderablo depth. On the Continent, however, 
there are several which are remarkable for their great depth. 
The Samson mine at Ai.dreasborg, in the Harz district, lor 
instance, is no less than 2,733 German feet deep, whilo soveral 
others in the immeduKte neighbourhood are of scarcely inferior 
depth. 

The ore occurs in regular lodes, but these ore often spread 
out into what are called fiat veins. These arc mosses of lead 
ore which havo penetrated from the lode itself between the 
bedding of the limestone; they never extend ray great distance 
from tho ‘trno lode, but often contain within a oomparativaly 
small space a large mass of metaL If a bed of sandstone 
should part two layers of limestone which is traversed by a 
metalliferons vein, ^e portion flanked by tho sandstone will be 
found to be very much poorer in metal than that on either side 
of it. In Derbyshire rad other plaoes a lode is often out off 
entirely for a space by the intmsion of a trappera rock; but 
unless the intruder forms too thick a mass to render it worth, 
the expense, the miner will out ‘through it for the sake of reach¬ 
ing the lode again on the other side. 

The veins of galena are of xefy various thickness; sometimes 
they ore split up into parallel branches, connected by thin, 
strings or leadings of oro; at other places, as at Hndgill Bunt, 
there is a solid vein seventeen feet tUck. The character of the 
lodes is very similar to those already desoribed under tin rad 
copper; except that the galena is not diffused through the 
grague, as in the case of the former. The lead ore ooenrs in a 
massive crystalline form, associated with layers of sulphate of 
baryta (oa^d oawk in Derbyshire), aaloareona and floor spar, 
in the Carboniferous rooks; rad more commonly ‘witii quarts 
in fhe edder formations. The fluor spar is especially prevalent 
in Derbyshire, rad it is valuable ia metaUnrgiosl operations 
M a flux. 

The general direction of the lodes is east rad west; though 
there are several notable exceptions. Thus at Hol^ell, in 
Flintshire, a very strong lode ooours in ‘the cross oourse; and 
some of the rich sfiver-bmuring lodes of the Isle of Man also ran 
north rad south, lb Devonshire several lodes taka the same 
dirsotion, rad at the point of intersectian with the erat and 
west veins they ore ueiudly highly argentiferons; they are racaiy 
fonnd to approadh closely to the eruptive rooks os tiiose of tin 
rad copper do. • 

There ore also some deposita of lead oree, prmoipally a mix- 
tore of the sulphide rad carbonate, not muoh worked in Eng¬ 
land, but to a considerable extent on^the Continent, which are 
I quite different in their character. They oconr, too, in a rock of 
' more recent formation, the New Bed or Trira. The ooppsr- 
I bearing stiatnm of Alderley Edge, in Cheebire, oontains partidlsB 
! of lead ore disseminated through it; rad sandstones of tim 
«une age in othw parts of tho country present oocasionally tbe 
same peculiarity. In Bhenish Fmasia there ooenrs a very volu- 
I able deposit of a similar oharaoter. TTie sandstone bed is 
I about 120 feet thick, but only some layers of tiiia are suffimently 



mNINQ AND QUAIlBYINa. 


345 


pan&Btitod tnth tbe grains of galena to be worth ezooTating. 
In some plhoes it is qoaxried, and in others the workings are 
carried nnda^ronnd. At Eotnmern alone upwards of 1,200,000 
tons ot the sandstone hare been ezcarated in one year, yielding 
abrat 22,000 tons of dressed ore: it is argentiferous, though 
only gelding a low peisoentage of silver. 

Lead ore, <» being brought to “ grass,'* has to be dressed in 
order to prepare it for the smelting operations; and the pro¬ 
cesses which it has 
to undergo for this 
purpose bear, at 
some establish¬ 
ments, a consider¬ 
able resemblance to 
those already de¬ 
tailed when describ¬ 
ing the dressing of 
tin ores. It is first 
sorted and cleaned, 
in the course of 
which the lumps of 
foreign ingredients, 
spar, baryta, etc., 
are thrown aside; 
then itis omshed or 
ground to a coarse 
powder, which is 
usually done now 
by passing it bo- 
twoon a pair of cy¬ 
linders turning in 
opposite directions, 
and driven by water¬ 
power. The cylin¬ 
ders arc fed with 
ore from a hopper 
above, into which 
the contents of the 
wagons are tipped 
as they are drawn 
from the mine : tho 
hopper is snbjocted 
to a slight vibratory 
motion by the action 
of the machinery 
with which it is con¬ 
nected, and this is 
ssfficient to keep up 
a constant snpidy 
of ore to tho cylin¬ 
ders, and to prevent 
the aperture at tho 
bottom of it from 
becoming ologged. 

A small stream of 
water also aids this 
process, sad after¬ 
wards passiug over 
the eyiindera pre¬ 
vents them from be- 
•oming overheated. 

latter are made 
of iron, and are 
oaae-hardeued; they 
are not rigidly fixed 
in their place, so that if a piece of unusually hard material riionld 
get between them, the madhinery shall not bo brought to a 
standstill or beoomo deranged; bnt the oylindera will yield 
place just snffioiently to allow such refractory piece to pass 
tibrongh. If tho rook in which tho ore is deposited bo of a very 
hard nature, the use of stamps is gonemlly resorted to, in place 
of the grin^ng process, 'llm stuff is usually reduced by the 
omshing mills to a snfBoient fineness to pass through a sieve 
oontaimug nine holes to tiie square inch, which, when done by 
water-power, will not oost more than about 2id. per ton. 

After tile ore has thus been omshed or ground, tho washing 
takes plaoe, which is performed by passing a stream of water 
,^tiirongh tiw ore, in the same way os the tin ores are separated 
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from the earthy ingredients, a description ^f which will be 
found in Article XVI. In some foreign oountries, espeoiBlly in 
snob as the Harz district, where the ores are so Tenable oir 
aocount of the silver oontained in them, this opentiou is oarriod 
to a very high state of perfsotion, and the most improved forms 
of frames are employed; the ores toe ate there omshed much 
finer timn is usual at English works, or Is even thought desirable 
by our smelters. The very eonsiderable speoifio gtavii^ ot pure 

galena, 7*0, eagles 
the washers to sepa¬ 
rate not only the 
earthy portions, bnt 
also .most ot tho 
metallio BubstsBaeB 
whidi may be asso¬ 
ciated wi^ it: ar¬ 
gentiferous ores re¬ 
quire greater oare in 
the Mashing, as the 
sulphide iff silver 
is of less speoific 
gravily than ^at of 
lead. 

The ore being now 
ready for the smel¬ 
ter, the most ready 
mode of asoertain- 
ing the qnonti^ of 
metal oontainqd in 
it is to mske the 
assay in an iron pot 
inst^of an earthen 
cmoible, the metal 
of the pot assisting 
in the separation 
the sulfur from 
the ore. The sides 
of the pot should be 
about half an inch 
thick, and the bot¬ 
tom rather thioker 
still; it shonld be 
hammered out of a 
solid piece of iron, 
BO as to have a 
smooth interior sur¬ 
face without any 
seams. Freparatoiy 
to oharging it, the 
pot should be put 
in the fnmace and 
heated to dnll red¬ 
ness. It shonld 
then be removed 
from the fire for a 
moment, stud filled 
with a mixtore of 
ore and flux, the 
oonstitnents and 
proportums of whioh 
will depend a good 
deal on tho richness 
or otherwise of the 
ore to be assayed.* 
Some recommend A 
mixture oonsisting of ^ of ore, a similar quantity of carbonate 
of soda, ^ of poarlash, and of bitartrate of potash, upon the 
top of wfooh a little borax should be sprinkled. If a rich Bampla 
is being operated upon the mixture may consist of oqual parts 
of oro and carbonate of soda, with a tenth part of argol; bnt 
for poorer samples, tho oarbonato of lead should be redno^ by 
about ono-third, and its weight replaced by borax. *The pot 
must thon be covered down, replaced in the fumaoe, and heated 
up to a, full red. While at its full heat, the pot is removed 
from tho fire, and the ohorge poured into an iron monld which 
has been rubbed over with plumbago and warmed ; on cooling, 
a button of lead wiU be found at tho bottom. Th« weidht of 
this will give, by oaleniatiou, the por-centi^ of metal in the ore. 
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THE TEOHNIOAL EDUOATOE. 


BUILDEES' QUANTITIES AND MEASURE-! 
MENTS—XII. 

BT E. WTNBHAU TABS, Xt.A. 

Iir our Iwt two papers on tliis Wnbjoot we gave tibe ineosiire- 
i^ent of diineusioiis of joiner’s work and ironmonger’s fittings 
ihrongbout » small liouse oonsisting of a gronnd fioor, first 
floor, and second floor; in the present paper we proceed to give 
iitei abstract of tboso dimensions. In tiie first part of onr 
abstract, which appears in its entiret]r on this page, all th# 
tuperfieial work, or work of which enperfiaial measurement is 
required, is brought togedier—namely, the floors, sashes and 
frames, doors, shutters, sturs, elK).; then measurements of skirt¬ 
ings, frioses, dresser-top, etc., wU^ are regnlated by tite thick¬ 
ness of the deal of which they ore mode; and lastly, the various 


fittings which frdm their oonspicaous position, or for appear¬ 
ance’ sake, require to be mode of mahogany. Following this 
we next take all the various parts of the Stings in deal and 
mahogany that are measured by the nm without reference to 
length, breadth, or thiofcness; then we ooUeet together aQ fit¬ 
tings mehsured by numbers; and lastly, the ironmongery and 
fixings. It -will be manifest even on the most onieoiy inspection 
tbht the preparation of an abstract of dimonmons is a piece of 
work which roqnires great care and attention, and as an item 
may rea^y be omitM where so nuttgr demand oonsidoration, 
it is almost needless to remark tbi^iflie work ehonldbe checked 
oarefuUy. For the sake .of ptaifiiilie, the student ehonld taka 
the dunmsions given nnaer eaoli taninoh of the bnildkig trade 
in tnm, preiiare abstracts fron'thmn, and then compare those 
of'Ms own making with the abstracts'that wo have famished. 


ABBTBACT. 


SUPEBFiaXAI.. 



Babhbb aho 
Fbabes. 








"N 

FinoaS. 

Boons. 

SuorrEBS. 

Stairs. 

J IK. DEAL. 

1 IN. DEAL. 

IN. DEAL. 

1^ IK. DEAL. 

MABOOANr. 

Sot.-w. batten 

Ul.ciwad frame. 

Uin. 2 pi. 

1| in. 2 p. 

in. y. dl 

W. 1 s. and 

W. 1 8. and 

yr. 1 8. frad. 

IV. Is.dble. 

f in. w. b. B., 

folding. 

o. sk. sill, 

sqre. 

bd. fl. and 

treads, 1 in. 

fnuusd. 

tongd. 

and mo. la 2 { 

rob. and 

b'r. pold. 

ft. 

is. or. sasb, 

ft. 

eqie., hg. 

risers, glued 

ft. 

ft. 

pla. 

lidd. 

ft. 

100)21? 0 

dble. lig;, bi'. 


witli br. 

& blocked to 

5 8 

10 2 

ft. 

ft. 

2 2 


in.' i pi. 

pulleys. 

close - string. 

6 8 

17 6 

8 3 

6 4 


2aq.l7ft. 

UaoB, wt». 

pat. lines, 

mo. nosg., 2 

9 7 

4 U 


ijG G j 

1 in, fraind. 


ft. 

mo, and 

lead wts. 

fir oarringes. 


— 

W. 1 B. frad. 


seat, and riser, 

1| in. yelLbat- 

15 0 

eqrOe 

ft- 

ft. 

21 11 

31 8 

and mo,, in 

12 10 

I’r. pold. 

ten atrt. jt. 


ft. 

35 

66 0 



Ipl. 


ft. 

ft. 

Dl.oasedfranie, 

le 0 


W. 1 s. and 

W. 1 s. and 

ft. 

W. 1B. dble 1 

11 5 

100)187 0 

0 . sk. and 


ll mo. and 

Ditto, ditto. 

bdd. 

rebd. 

9 7 

rub. Irani, | 


weatbd. sill. 

li in.sqre.. 

bd. fl. in 

winders. 

ft. 

ft. 


and mod. 

1 l>d. dap and 

lsq.87ft. 

21n.dl.lamb‘a- 

dpi. 

2 pi. fold- 

ft. 

2 3 

8 9 

W. b. aides. ' 

ft. 

frame, Pr. 


tongue sasb, 

ft. 

ing. 

19 3 


13 7 

ft. 

21 11 

! pold. 

Iiin.y.taDgd. 

dble. hg., 
pulleys, pat. 

17 11 

ft. 

1^ in. y. >11. 

W.1 B.rcbd 
and bdd. 

15 3 

3 0 


ft. 

1. tongues. 


15 2 

9 7 

7 7 


1 C 2 

ft. 

lines, i, wta 

2in. mo. b. 


treads, 1 in. 

ft. 

0 7 

15 9 

2 IN. DEAL. 


100)190 2 

ft. 

sides, 4 pi. 

li in. bd. 

risers, imtrcil 

8 4 

4 6 


1 in. mo. and 

—— — 

22 0 

ft. 

fl., and 

to out-string, 


4 10 

26 4 

C1 a in p d. 

sqre. framg., 

leq. 93 ft. 


19 6 1 

sqre. bb. 

. glued and 

W.b. s. and 

_ 


droBSortop. 

Pr. pold. 


Ditto, ditto, 

22 0 

flaps. 

blookd , uio. 

deretd. 

63 1 

W. b. e. fmd. 

ft. 

ft. 


ovolo sash. > ‘ 

1 

, ft. 

_ jj^ings, 2 fir 
mrriages. , 

ft. 


and bdd. 

18 2 

34 6 


29 i '■ 

*42 3 

13 6 “ 

>76 

W. b. B. frad. 
and bdd. 

ft. 

16 0 


Ij in. counter 


Solid oak rsbi^ 
anduio.franite. 

in. oak. 

U in. ppr. 

69 il * 

W.b.'B,Bnd 

ft. 

16 6 

SvvDfixEa. 

top, glued and 


'.'OpI. bolu. 

' nio„loirer 

boxings, 

ft. 

Ditto, ditto, 

tongd, 

ft. 

3 0 

6 3 
■ 3' 6 

Cradling to 

1>locked. 

ft. 


4x3, tnni- 

pi. bd. 

10 3 

winders. 

14 0 

Toros akirtg. 

r>_- 

0 n t a b., 
plonghd. 

25 6 


lion imdttan- 

flush. 


, ft. 


ft. 

42 3 




ft. 

Bevotring 

17 11 


31 5 


nudiongd. 

2 in, nstragal 


23 3 

wood,witb 




W. b. s. ent 

, blockings. 

and hollow 


woatlid. siU, 

a*t. 

worm and 

in.rebtlaaud 


Sore, skirtg. 

and'dimd. 

ft. 

folding sash 


2 in. lamb's- 

wheel 

bd. otitor 


ft. 

ft. 

43 6 

door, dimd. 


tongue cnee- 

<V > • 1 

geulbg. 

string, cut 


26 8 

7 6 

Hod. cor- 

stiles, lower 


meut, cirer. 


ft. 

and mitred to 


4 1 


pi. mo. and 


on plan, I in. 


105 4 

rise. 


■- 

Mo. and sqj^e. 

nice. 

bd. fl., Pr. 


Tisa. 



ft 


29 0 

framg. 

ft. 

pold. 


ft. 



13 0 



ft. 

24 0 

ft. 


35 • 



f • 


W. 1 s. mo.. 

19 0 ' 


24 6 



i 


Ditto, ditto. 


1 pi. 





2 in. oak or. 


•^^the. 

ft- 


ft. 

-Ditto, riror. on 


2^ in. lamb's- 


fauUgbt,oiter, 


1 


7 11 

plan (1 in. 


tcugue ebop 


lii'.md. 



■■ ‘■;'l 6 



riae). 


a-isli, Pr.pold. 


ft. 



‘tjjhnrobd.and 


Keyed frieze. 

ft. 


ft. 


7 0 


( 


jts. featlw- 

5 0 


60 6 





bd.btoee string. 


tougi!., rebd. 

Mo. hnd sipre. 







ft. 


for soffit. 


Ditto, clrcr. on 
plan. 





11 11 


ft. 

spandril. 








31 9 

ft. 


ft. 





H in. wall- 



22 9 


17 6 





string. 


W. b. sides. 








ft. 


ft. 

Mo. and rebd. 







20 0 


.6 8 

skirtg. in 2 







13 0 


6 (t 

heights. 







— 


15 0 

ft 







35 0 

1 

26 8 

53 '9 







Ditto, ditto. 









1 

ramp. 

ft. 

7 0 






v'"**-.' •* 




12 0 

1 






■ ,1 



19 0 


1 

1 
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UAHoouir. 


HraBSM (onlUnwd). 


1>KAL. 


f in. obamfil. fil. 
iet, 8| in. w. 
ft. 

7 8 


pluBgd. 

ft. 

40 G 

j in. bead, 
ft. 

3 6 

4 3 


1 in. skirtg. grds. 

iu. wrot. 

Mod. noaiziff. 


Cartoil ooroll eml 

plngged. 

end framd. 

ft. 

Dovetl. housings 

to step, 

ft. 

legs. 

3 G 

tor balusters. 

1 

43 0 

ft. 


31> 


9 7 

12 0 

4 iliv ftkirtcr., 4 


Elbow caps. 



in. w., Fr. pold. 

Bod. comers to 

2 

52 7 

2| in. turned 

ft. 

shelf. 



noweU. 

7 0 

2 

SofSt to boxing. 

1 in. dhlo. bd. pin- 

ft. 


» 

2 

rail, 44 in. w. 

IS C 

3 in. mo. band- 

1 


ft. 


rail, Fr, pold. 

— 


4 a 

2} in. mo. 

ft. 

6 



band-rail. 

15 U 



1 in. arcb mo.. 

ft. 


Ditto, dresser. 


2i iu. w. 

13 0 

Ditto, ditto, 

2 


ft. 


writhe. 



14 0 


ft. 

0. G. cut cuds. 


33 0 


3 0 

2 


4 G 





23 G 


Bdd. door frame. 

Tougd. angles to 


-- 


•i"x,3",Pr.pold. 

string. 


7.5 0 


ft. 



lin. ar. mo., 3} in. 


00 



wide. 



Tongd. nnd mitred 


1 ft. 


IkTortioe clomp. 

angles to 15 in. 


; • 5 0 


ft. 

skiitinR. 


21 C 


6 0 

10 



UinoeAirr. 

SandzaU lorell. 

1 . 

Honsiuge in hoad- 
nit 
30 


Drawer ruauers. 
ft. 

9 G 

Groove. 

ft. 

IS 0 
21 0 


iu. ditto, 
ft 

30 6 

38 0 

I.*) 0 


Hcudg. joint, 
ft. 

6 0 

Wrot. and 
chnmfd. fillet, 
ft. 

3 0 


iBOHKOiroBBr ABC Fixma. 


Locks. FASTitnuiaa. I Boms. 


SUKDBIKB. 


1} in. bt. and 
bk. flap. 
Ipr. 

S .. 


Br.sashfaatg. 10 in. br. Sorew nut 
1 barrel. nnd joint to 

1 3 newell eap. 

1 1 


Groove and 
tongue, 
ft. 

48 9 

1 in. nosing, 
ft. 

4 G 
G 0 


I Ditto circr. 


I in. m border. 
' ft. 

I 13 0 


I Muldg. 4 in. girt. 

; “• 

9 6 I 


3 in.'batts. 
2pr. 


Simd., 

fum. 

1 


24 hi. ditto. 6 in-. nort. 
IprV' ehiaa Hum. 
1 .. 1 

1 .. 1 


1 in. picture | 

grds. plugged, j Ditto oircr. 



Housings to string 
for flyers. 

30 

IS 

18 

63 

Ditto, ditto, 
winders. 

3 

3 


Ditto to bondroil. 
15 

Ditto to newell. 
3 
1 


Mitras M 9 in. 
skirting. 

8 

Dovetail blockings. 
3 

Pendants to newell 
2 

llin.sqra.tinlaster. 

15 

1.^ in? turned ditto, 
30 

Botiimd. mo. 
nosing. 

15 

Cat bmeket. 

15 


. UUCOOAKT. 


Disbud bole. 

1 

Ueadd. liaudbole. 


Bod. corner to 
cdurting. 

2 

Fittg. and liangg. 
flap. 

1 


jilt quadrantsbelf, 
9"x9", on fillets, 
Fr. pold. 

1 


3 in. ditto. 

• •• 

"f in. ditto. 
1 pr. • 

1| in. brass 
butts. 


2 in. ditto. 
2 pr. 

1 .. 


4 in, ditto. 

Ipr. 

5 in. ditto. 

1 pr. 


10 in. draw¬ 
back. 

1 

latent iutcb. 
1 

Dross escut- 
cboon. 

2 . 


Bi. easement 
fastg. 

2 

3 ft. shutter* 
bar and 
plates. 

1 

Br. rack 
chain. 

1 

Br. knob 
turubuoklc. 

1 

1 

1 


Uondrl. scr. 
3 


C. i. newell. 

1 

C. i. shelf- 
bracket. 

5 

Jdpd. elk. pins 

6 

China finger¬ 
plates., 

2 pr. 


Sot. bolt to Fboi^ drawer 
noweU. knob. 

2 4 

Br. sk. ft. 
lings. 

2 

1 


Br. thnmb- 
scrow and 
plates. 

1 

Br. book and 
eye. 

2 


Br. hooks. 
3 doz. 


SEAT.S OF INDUSTRY.—XXVm. 

, LIYBBFOOL (ooMtiniMil). ^ 

• BT WILLIAK WATT WEBHTBB. 

The docks of LiTOkpool oro the most oxtemsive and oo&yenieut 
in the United Kingdom, and hare boon both an important oanso 
and on important offeot af its oonimoroiai prosperity. Mention 
has already been made of tlio first dock constriinted^t the 
Ijort, in the beginning of the eighteenth oentnry; tut previous 
' to &at date efforts had been made to improre the navigation 
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trf iha HarM7> the effloienoy of the huboer of liverpool. 
Ik 1694 HioniM I^tteii, of WorriiigtoB, widened the river, and 
^mede it lunrigable from Bnnoom to Warrington. The old 
dod^ whidi ooonpied an area of leea than three and a-half 
aoree, toon proved too email for the wants of the town, and 
wal snbaeqnently filled np; the new onstom-honee being bnilt 
OB its rite. 

In 1734 the Salthonee Dock was eommenoed, bnt it only 
opened in 1753; and in 1761 an Aot was obtained for bnilding 
Cieorge’a Book, whioh was completed in 1771. Authority was 
obtained in 1784 for bnilding two other docks, the King’s and 
the Queen’s; the former was opened in 1788, and the latter in 
1796. The Prinoe’s Dock, one of the largest on the Mersey, 
being 500 yards in length, and covering an area of nearly twelve 


one of which is 1,002 feet in Imigth, 82 feet in width, and 
4,500 tons in wright. 

The completion of the Liverpool and Manohester Bailway, 
whioh was opened in September, 1830, and ooat A876,0W 
—more than doable the eatiinate laid before Parliament— 
marks on important stage in the progress of Liverpool. By an 
agreement entered into between the Bridgwater Canal Com¬ 
pany and the Leeds and Liverpool Canal cWpany, the former 
acquired exolnsive possession of the traffic beitwesm livetpool 
and Manohester, althoagh it was unable to forward the goods 
entrnsted to it with the promptitude the trade required. Mr. 
HuskiBson complained in the House of Commons '&at “ ootton 
was sometimes detained a fortnight in Liverpool, while the 
Manchester manafaotarors were obliged to snsiwnd their 
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aiOMl, was completed in 1821. Since that date several enormous 
dooks have been constructed; among others the HnskiBBon, 
which covers an area of 15 awes, 993 square yards; and the 
Bmnswiric, whioh has an area of above twelve acres; while 
the old docks have been improved and extended. Two new 
docks were finished in 1867. Liverpool now posaeases about 
fifty docks and basins, extending along ^e margin of the river 
for about five mfles; having nearly seventeen miles of quay 
space, and coveting a total area of upwards of 700 acres, ex¬ 
clusive of the dooks of Birkenhead on the opposite bank of the 
Mersey, whioh am four in number, including Wellesley Fool, 
which ^ oonridoeed the finest dock in the world. The dooks of 
Liverp^ were principally erected nnder the superintendence 
of Jesse Hartley, Esq., and am justly regarded as one of the 
great engineering triumphs of the century. Many of these 
dock* are surrounded by iqweions warehousos; those enclosing 
tiia JUlsrt Dock, fqr instance, having cost ^358,000, while tire 
does itBriif .jee»t A14l,00Q. . An adn^ble feature of the liver- 
pool hiubodr oonsists iu ita two large floating landing-atoges, 


labours: and goods manufactured at Manchester eould not be. 
transmitted in time, in oonsequenco of tlie tardy conveyance.” 
To remedy this grievance, an enterprising Liverpool merohant, 
named Mr. Sanders, in 1820 started a project for laying down 
a tiamroad between the two towns, and he was soon joined by 
other merchants who were net inteiested in maintaining 
the monopoly of the canals. This sriieme msulted in the 
Liverpool and Ifenohester Bailway, whioh, however, had to 
contend agrinat strong prejndios and powerful vested interests. 
Among the merchants who gave evidence before a Committee 
of the House of Commons in favour of the railway, iu 1826, 
two deserve a place in this paper, beoanse tliey ozeroised a 
potent influence on the trade and general well-being of Liver¬ 
pool. One of these merchants was John Gladstone, the father 
of the present Prime Minister of England; and the other was 
William Brown, the founder of ike Liverpool Free library; 
of whom Cobden said in 1844, that he “ held in his hands rae- 
rixth part of the trade between tiiis country and the United 
States.” From the evidence of Hr. Gladstone we ICom tha| 
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upwards of 10,000 tohsoIs, with oargoes weighing in all 1,180,914 
tons, entered the port of Liverpool in 1824 ; and that tho dock 
does, which amounted to j 89,200 in 1787, when ho settled in tho 
town, had 1824 inoreased to fifteen times that amount. Tho 
entire value of the goods received and ehipped by Mr. Brown 
about this period amounted aometimos to ^1,000,000 a year. 
There were then four lines of ships, sizteon in all, trading rogn> 
larly betwoen Liverpool and Now York; and two linos, com¬ 
prising eight ships, going to and from Philadelphia. The average 
Vidns of tho cargoes of those vessels was calculated at d!50,000, 
but the goods they carried wero in some inatanoes worth threo 
times that amount of money. 

At the present time no less than four-fifths of the trade 
between the TJnitod States and Great Britain is oarried on 
through Liverpool, as well as a large portion of the trade 
with South America and the West Indies; it also poBsesses a 
considerable share of the trade with the Bast Indies and China, 
although in the latter department Liverpool is surpassed by 
London. In 1864 the total number of vessels that entered 
the port amounted to 4,045, of which 2,898, with an aggregate 
of 1,372,203 tons burden, were British; and 1,147, representing 
a total burden of 498,292 tons, were foreign. From British 
ooloniee there arrived at the port in that year 1,127 British 
and 106 foreign vessels; while from foreign countries there 
came 1,771 British and 1,041 foreign vesseis. Tlie total valne 
of the exports from Liverpool in 1864 was ^72,748,031. In 
1866 there bolonge(Pto tho port 2,998 vessels, of which 2,569, 
of an aggregate burden of 1,326,317 tons, were soiling ships; 
and 429 wore steamers, with an aggregate burden of 205,664 
tons. Tho exports of tho prodneo and manufactures of the United 
Kingdom from Liverpool, during that year, represented a total 
value of j 687,486,497, against jB41,449.797 from London ; and 
12,622 vessels, with an aggregate burden of 4,749,428 tons, 
entered the port. The importation of cattle and pigs into 
Groat Britain from Ireland, which in 1866 amounted to upwards 
of j68 ,000,000, is carried on to :i great .'y-tent through Liverpool. 

For many years Liverpool has heen the principal point of 
departure for emigrants from Great Britain and Ireland, and 
it is now tho greatest port of emigration in the world. Largo 
bodies of emigrants from Germany, and other parts of the 
Continent, find it cheaper to set s;iil from Liverpool for their 
various destinations, than from any port in their own countries. 
Steamers of largo ruk!, unrivalled speed, and with oxeeilont 
aceommodation for passengers, leave tho harbonr almost daily | 
for New York, and other ports of tho ITnitod States ; and a j 
magiiifieent fleet of steara-voSRcls.pf unexampled magnitude, ore 
engaged in trade with New York,Boston, Halifax, Rio do Janeiro, 
Buenos Ayres, Lima, lasbon, Oporto, and the Mediterranean. 

The manufactures of Liverpool consist ehiofiy of ship and 
boat building, cable and anchor casting; the construction of 
marina engines; and other branch,'s of industry connoetod with 
the sea. Shiphnilding has dccliiiod during recent years, and 
Idverpool is now inferior in tliis respect to Sunderland, and to 
her great transatlantio rival, Now York. Tho manufacture of 
soap is more extensively carried on in Idverpool than in any 
other town hi tho kingdom, and it is also one of the chief centres 
of tho manufacture of ohronomotors, watches, and watch move¬ 
ments, of whioh latter large quantities are annually exported. 
In and near the town there ore largo distillorieH of tar, tur¬ 
pentine, and whiskey; externivo rice and flour mills, saw 
mills, sugar refineries, cigar factories, roperies, and glass and 
alkali works. 

Liverpool has nearly donblod its population every twenty years 
since the beginning of tho present century. In 1861 its population 
numbered 44,3,938, and in 1871 it oontainod 493,346 inhabitants. 
Up to a recant date Liverpool consisted of narrow, irregpilar, 
ill-paved streets, lined with dull heavy-looking hooses, and waa 
repirded as one of the most unhealthy towns in England; but 
within tho last forty or fifty -years, and mpeoially since the 
passing of the Locsl Sanitary Act of 1846, great unprovemente 
have been effeoted; and there are now few towns in Great 
Britw with wider, more handsome, and better-cleaned streets, 
and more substantial and sumptuous houses. In 1846 tho 
water-supply, whioh before that date had been in the hands of 
private oompaaies, who derived it from wells sunk into the red 
stone, WM traasfenwd to the Corpoiatioii at a oost of JBSb4,807; 
and in the same year the latter obtained an Act authorising 
new works for the conveyance of water from a distance (rf 


twenty-six miles, which wore opened in 1856, and oost ^700,000, 

A now charter was granted to liverpool by William in. in 
1695, which was oonfirmed with a few emendations and s 
additions by George 11. and George III.; and by this obarter 
the town was governed down to ti>e passing of the Mnnioipal 
Reform Act in 1835. By that measure the town was divided 
into sixteen wards, and placed nnder the government of a 
mayor, fifteen other aldermen, and forty-eight oonnoillorB. 
Tho parliamentary borongh was enlarged by tbe Bonndszy Act, 
so as to inclndo the Ont-townships of Everton, Slrkdale, West 
Derby, and Toxteth Park. 

The prinoipal public buildings in Liverpool are the Town 
Hsil, St. George’s Hall, the Exchange, and the Revenue Build¬ 
ings. The Town Hall, founded in 1749, is an elegant Grecian 
structure; a handsome dome, supported by Oorintiiian pillars, 
and surrounded by an open gallery, rises from the centre of the 
bnflding. Tbe Exchange Bnildin^, whioh form three sides of 
the square enclosed by the Town Hall, were bognn in 1808, 
and oompleted in 1809, at a oost of X110,840. In the centre of 
tho square, a bronze statne of Nelson, designed by Wyatt, and 
executed by Sir R. Westmacott, waa erected in 1813, at a oost 
of ;69,000. The Revenue Buildings cover cm area of 6,700 
square yards, and comprise the office of the Inland Revenue, 
tho office of the Commissioners of the Docks, and the Post 
Office. St. George's Hall is a snmptaoas building in the 
Corinthian style; one portion of it is set aside for &e Assize 
Courts, and the other for a oonoert-room, which is oapable of 
accommodating an audience of 1,200. 

There are about. 150 ohnrohes aud chapels in Liverpool; a 
third being connected with the Establishment, abont 14 being 
Roman Catholic, 21 Presbyterian, 15 Independent, 16 Wesleyan, 

2 Jewish, 1 German, and 1 Greek. Liverpool is provided with 
an nnnsnal number of oharitable and benevolent institotions, 
the most prominent being the Royal Infirmary, the Northern 
and Sonthem Hospitals, the Industrial Schools, and the Blue 
Coat Orphans’ School. Among tho principal educational, lite¬ 
rary, and scientific institutions in the town, besides the Free 
Library and Museum, already inoldentally mentioned, wo may 
note the Botanic and Zoological Gardens, the ObseiTnlory, for 
whioh a new bnilding was erected at fiidston in 1865, the Cd- 
logiato Institution, Qnoen’s Collage, tbe Medical Institution, the 
lioyal Institution, the Mechanics’ Institution, the Society of the 
Fine Arts, tho Academy of Fine Arts, the Egyptian Musenm, 
and tho Exchange, Lyceum, and Athenmum News-rooms and 
Libraries. Liverpool lias several good theatres and concert- 
rooms, and in addition to the Botanic Gardens it has another 
tine iiark at Toxteth. Mrs. Hemans, William Boscoo, and Dr. 

I Currie, the biographer of Boms, are among the most celebrated 
' natives of the town. 
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BIOGFvArniGAL SKETCHES OF EMINENT 
INVENTORS AND MANUFACTURERS. 

3CXX.-TTCHO BEAHE. 

UV JAKES aBAKT. 

Thts celebrated astronomer was bom on the 14th of December, 
1546, during the reign of Gnstavns I. of Sweden, at Enndstrop, 
in the county of Sohonon, near Helsingborg. When seven 
years old lie was taught Latin; and tor five years studied under 
private tutors. On the death of his father—an event whioh 
occurred when Tycho was very young—ho was adopted by his 
uncle George Brahe, who, in 1559, sent him to study rhetoric 
at Copenhagen. The great oolipae of the sun, whioh ooeorre;^ 
on the 21st of August in the following year, seems to have 
greatly impressed his mind, as it happemod at tho precise time 
aetronomers hod foretold it; hence, he began to consider 
astronomy as something divine, and purchasing the tables ofi 
Stodins, by studying them ho rapidly gained ^some idea of the 
planetary system. 

In 1562 young Brahe waa sent by his nnole to Leipzig to 
atndy law, and there, by bis acquirements, he manifested indi¬ 
cations of wonderfnl talent. His natural inclinations, however, 
were not legal; ho dieffiked the dry atndy of law, and preferred 
that of the heavenly bodies, and to the latter he applied himself so 
asaidnonsly, that noiwithatitnding the injnnotions of his nnole or 
the core of his tutor, to keep him oloao at the atodw fon whioh 
be had come to Leipzig, he attained a great knowledge of astro-' 
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ikomy. With what ho ooiild oave from his po(Aet>monqr he 
pnrchaaod every book he oould moot wiidi on that sabjeot, and 
road them with attention and enthusiasm, procuring ultimately, 
in oases that pussled him, the aasistanoe of his privaio tutor, 
Bartholomew Bohultensi After a time, having procured a small 
oeleftial globe, he , took oppoitunitias, when Schultena was in 
be^, and when the weather was clear, to examine tho constel- 
lations in the heavens, to learn their names from tho globe, and 
thsir motions from observation. 

Betnming to Denmark in 1571, bis studies and assiduity won 
him tho favour of his maternal uncle, Steno Billcs, who, being 
a lover of learning, gave him a oonTcnient place at his castle of 
Herritzvod, near Enndstrop, for tho erection of a building 
wherein to continue his observations and have a laboratory. 
Brahe bnUt another observatory at Wondsbook near Hambprg, 
when residing with the Count Bantsan. This edifice is still 
standing, and a bust of bim is placed in one of the upper rooms. 
But it was at Knudstrop that, in 1572, ho discovered a new star 
in the constellation Cassiopeia. Soon after this, having married 
a pret <7 peasant girl far beneath his rank, a quarrel ensued 
between him and his relations, and it was of a nature so violent 
that the king, then Frederiok II., had to interpose his authority 
ere a rooonoi^tion could be offooted. 

By command of tho latter, in the following year he began to 
leotnre at Copenhagen on tho planetary system; and in 1575 ho 
began his travels, and passing through Germany proceeded as for 
as Yenice, where Luigi Mooeiiigo, under whom tho famous battle 
of Lepanto was won, reigned os Doge. 

Awue that he was coldly viewed by his .relations in oonae- 
qnonoe of his marriage, he resolved to settle at Basle in Swit- 
serlond with his wife and ohildren; bnt King Frederick, loth 
to lose a man so eapablo of doing hononr alike to Denmark 
and to Sweden, promised, with a disoriminating generosity that 
did him hononr, to bestow upon him for life the island of 
Hnen, in the Sound, between Copenhagen and Jjandsorona, and 
nanally oslled seamen, in those days, the Scarlet Isle. It was 
very fertile, and 'is seven miles in oireumfeience. Frederick 
did mote, for, however intolerant in religious matters, he was 
ever bonutiful to the learned: ho bestowed npon IVoho Brahe 
a pension of 2,000 orowns ont of bis tioasnry, a foe in Korway, 
snd a eaaonry in the Cathedral of Boskilde which brought him 
a thousand more. 

Lt the oooxse of four years Brahe had built in the centre of 
his island the handsome castle of Dmniburg, which hod many 
splendid apartments; and therein he had an oBsorvatory and all 
his books, mathematical and astronomical instruments. Adjoin¬ 
ing it he erected a mill for making paper, a printing house, and 
laboratories for ohemical investigations; but bis favourite place 
for studying tho stars was at Stellenburg, an edifice which he 
erected westward of the castle expressly tor the purpose of qp 
observatory. Tlio rest of the isle he laid out in gardens, with 
fish-ponds, and in every way mode it one of the most charming 
places in Denmark. 

There Brahe resided for twenty years, pursuing his astronomi- 
osl observations with remarkable industry. In these he was 
nsTiaUy assisted by ten or twelve intelligent students, whom his 
generosity inspired him to provide for and keep about him“ and 
whom he iiistructad in mathematics and astronomy. 

In li»89 ho reooivod a visit of James VI. of Scotland, who 
was accompanied by liis Lord Chancellor and many Scottish 
nobles. The king had recently been married at Dpsala to tho 
Ibinoess Anne of Denmark, and though tho limit of his stay 
in timt country was to have been only twenty days, it extended 
tp six months.^ James made Brahe many noble presents, and 
wrote some I^atin verses in bis praise; and the Scottish Chan¬ 
cellor (afterwards Lord Thirlstone), who had some pretensions to 
litemtiue in his time, became intimate with him, and spout 
much of his time at Buen during tho winter of 1589. 

Brahe's tranqnillitty,'his domestic happiness, and his studies, 
were all now fated to ^ destroyed. Soon after the death of his 
royal patron Frederiok, be fell a victim to the envy and malig- 
nlty of the ministry; they asper^pd him to Christian IV., who 
in 1596 stripped him of his pension, his fee in Norway, and his 
oanoiay. He was then eompeUed, to quit his favourite isle, 
whialt was bestowed upon a mieti^ of the king, and she, in 
a spiitt -of inere wantonness, ia recorded to have destroyed all 

' IfTi^fak^dnoed honiehold Brahe, aiow took np his resb 


denoe in Copenhagen, and with some of his instruments eon- 
tinned his astronomical observations and ehemioal experiments, 
until the same malovolenoe that drove him from Huen proonred 
from Christian IV. an e^ot to dieeontinne even these. 

Compelled now to leave Copenhagen, the nnfortnnate Bnhe 
conceived the idea of seeking an introdaotion to Bodolph II., 
Emperor of Germany, who was fond of mathematioa, meohonics, 
and ohmnioal experiments—an amiable monarch, who, acoord- 
ing to Voltiure, know everything but tho art of govern¬ 
ment. - To pave tihe way for on interview, Brahe published his 
oorefnlly-prepared “ Astronomiee instanratas Meohanica," illns- 
tratod with plates, and dedicated it to the Emperor, who there¬ 
upon invited him to Prague. Thither Brshe repaid, and was 
received with the utmost honour by Bodolph, who assigned him 
a magnificent ^honse, with a pension of 3,000 crowns, and the 
promise of a permanent foe for himself and his sons. With the 
latter and his stndents—among whom was the celebrated Kepler 
—he settled, in the latter end of 1508, in the Bohemian oa{ntal, 
where he bniit an observatory, tiie site of which is now occu¬ 
pied by the mansion of a noble family. 

T^oho Brabe had the vulgar weakness, incident to his age, of 
giving credit to judicial astrology; bnt tiiis superstition did not 
render him the less an astronomer, or the less able in mechanios. 
“ His fate,” says Voltaire, ” was the same with other groat men; 
he woe persoonted in his own oountry after tho death of the 
king his protector; bnt he found a noble patron in the Emperor 
Bodolph, who made him ample amends I<x aH his losses, and for 
the injnstiqe of oonrtiers.” 

The famous astrononiinal tables of Brahe and Kepler bear 
the emperor’s name, being called the Bodolphine Tables, just os 
those which were made in Spain by two learned Arabs in tho 
twelfth century bore the name of king Alphonse. Brahe did 
not long enjoy the now ease and affluence which surrounded him, 
as he died at Prague on the 4th of October, 1601, in his fifty- 
fifth year. 

The apparatus of Brahe was purchased by tiie Emperor for 
20,000 crowns; it remained, however, useless and concealed till 
the troubles of Bohemia ensued, when the army of the Elector 
Pelatine plundered the city, and in a spirit of Wbarism broke 
his instruments to pieces, and applied tho brass and other metals i 
to nses for which they never were designed. His great celestial 
globe of polished brass was, however, happily preserved and 
deposited with the Jesuits at Naysia in Silesia, from whence it 
was afterwards taken, in the year 1633, and placed in the hall 
of the Boyal Aondoray at Copenhagen. 

Tho family of the great astronomer is still in existence, and 
has been considered one of the oldest and noblest in Sweden. 
The present possessor of their great and antique ohfitoau of 
SkugUoster, which was built in 1630 by Oostavus Wrangel, one 
of the most oolebrated generals of the Thirty Years' War, is a 
lineal descendant of Tycho Brahe, and likewise of Count Brahe, 

{ who led tho centre of tho Swedish army at the batUo of Liltzen, 
in 1632. The chateau came to the Brahe family by marriage 
with that of Wrangel, and there is carefully preserved a portrait 
of the astronomer, and of the bcaqtiful Ebba Brahe, to whom 
Gustavos Adolphus was so tenderly attached, and whom he 
would have made Qnoon of Sweden, but for the schemes of his 
mother, who married her by fraud or force to Count Jacques de 
la Gardio. 


SHIP-BUILDING.—XIII. 

BX yr. H. WHITB, 

Fellow of the Boyal School of Naval Arohiteotnre, and Sfoniber of the 
Inatitntion of Navul Architseta. 

THE SKINS OP IRON SHIPS (c(mtin««d). 

Thb plates forming tho skin of an iroa ship ate seonred to eaoh 
other and to the frames by means of numerous olosely-spaoed 
rivets. These fastenings are made of snperior qualities of 
iron, and ate formed (as shown in if^g. 41) by means of rivet- 
making machines, some of which axe most ing^onsly oon- 
struoted. The holes through which tihey pass are generally 
punched in the plates and frame angle-irons, and ia the autw 
plates tiny «re afterwards < enlarged emucally, or “oounter- 
sunk,” 08 shown in 'Fi|'s. 80 and 40. Tho rivets are heated 
before bring put in place, and when dxivmi through from ' 
the inride a heavy hammer or “ dolly V ia held agr^t the 
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head, while workmen oataide beoit down the point into the 
conuterausk hole; to make good work, the riret when Roel 
ehoald fill the hole. In cooling it is enre to eontisot somewhat, 
and a common ndo for ensuring a good fit afterwards is to 
fora the oountersink as illnatrated on the i:q>per rivet in Fig. 39. 
The centre, a, of the hole on the inner surface of. the plating is 
joined with the sides of the hole near the common surfaeo, and 
thesp dotted lines produced form tho sides of the countersink. 
This rule is, however, often departed from. When “ knocked 
down,” the point of the rivet is sometimos made slightly convex 
beyond tho surface of tho plate, as in Fig. 39; and in other 
cases is mode finsh, as in Fig. 40. Bifiierent builders have their 
own praotioe on snoh unimportant matters. 

Punching the rivet-holes has been much objected to, on the 
ground that the plates are weakened thereby, and that it is diUi- 
cult to ensure tho exact oorruspondenco of tho holes in over¬ 
lapping plates and frames. Efficiency in tho fastenings obviously 
depends greatly npon such correnpondenco being obtained, so 
that the rivets may pass fairly through the holes ; and with care 
it can bo obtained, oven when the holes are punched. The 
other objection to punching, its weakening effect, is not so easily 
removed, and it has led to tho suggestion of drilling instead of 
pouching. As tho application of drilling machinery to iron ship- 
bnilding has not yet been carried far, the inunh greater ahea|i- 
noHH and rapidity of work rendered possible by 
punching has enabled that operation to keep 
its fdaoe. Should drilling machines be im¬ 
proved, howoTfr, HO as to enable them to bo 
used coonomieolly, it is probable that they ryll, 
to a great extent, displane punobing, at least 
in the larger ship-yards; and if steel comes 
into general use this change is all the more 
likely to take place, as that material appears 
to suffer much more from pnnohing than iron 
does. It is a good plan with steel, if the holes 
are punched, to anneal the plates afterwards, 
as the injury done by pnnohing is then greatly 
lessened. 

Punched holes ore not exactly cylindrical 
like drilled holes, bnt are a little larger at the 
side which is must distaat from the punch when 
it is made to press upon tho plate, so that tho 
holes are slightly nonical, as shown in Figs. 3!) 
and 40; and in making rivets a conical en¬ 
largement is formed under Ihe beads to fit 
them (os in Fig. 41). On this oooonnt care 
ought always to bo taken to punch the holes 
from iliic faying mrfaeoi of plates; that is to sey, 
from tho outer surface of tho laps of inside strakes, and tho 
inner surface of the laps of outside strokes. When this procau- 
tdou is taken, and the rivets are put in, their sootions within the 
limits of the two plates resemble two truncated cones with a 
common smaller end. Hence, if by any corrosive notion, or 
other oauBO, tbo rivet-heads shonld be worn away, tho rivets 
would still hold the plates firmly together; whereas if tho holes 
in the inner plates wore punched from the inside surface, the 
rivets would have no holding power independently of tho heads. 
There are many other matters of praotical interest in connec¬ 
tion with riveting, to whiish we hope to refer in another paper; 
bnt we must now proceed to describe tho ordinary methods of 
arranging the fastenings in the edges and butts. 

It may fairly be assumed ttiat the in-and-out plan of plating 
need only be considered in this oonneotion; and wo shall then 
have to deal with lap-joints for the edges and with flush-joints at 
tke butts. The edges are either “single” er “double” fastened. 
Single fastening is illustrated in Fig. 43, and is so simple as to 
re«{aire no explanation. Doable fastening may be either 
“ Bgxag” as in Pig. 43, or “ ohain ” as in Pig. 44. The latter 
amngemant is the more recent, and is now more frequently 
OBod, its ohief advantages probably being tbo nniformiBy of 
spacing and the oloarnesa fromjthe butte which it per. jits in the 
edge-rivets. On the sdgaag plan it will bo netioed that a rivet 
oomes directly in the bntt, and that long spaces occur in one of 
the cows of rivets where the frames cross ihe plates; although 
this is somethnea obviated by placing two edge-rivets in eaoh 
(raiBS, it is more usual to follow the arrangement of Pig. 48. 
In tbs iron-elad ships of tho navy, double chain riveting is 
dwqrs employed for the edges of the 'bottom plates. In 




Fig. 40. 


morohont ships a similar plan is usually followed for at least the 
thioker plating; but when plates Of ^^-inob or ^inoh in thicknesb 
are employed, single-edge fastening is thonght sufiicient. And 
there con bo little doubt that so for as the strength of the edge- 
conuection alone is concerned, single riveting would answer every 
purpose; tho use of a doubio row of rivets adding, of course,^ 
tho stren^h, bnt being rendered advanittgooua 
rather by its effectual “ closing ’ ’ of the lap-joint. 

'i'hiok plates, being muoh less flexible than 
thinner plates, of conrse require more edge- 
fastening in order to soenra the close contact so 
desirable in water-tight joints. This latter con¬ 
sideration practicaliy regulates the spacing of 
tbo rivets in the edges, the “ pitch " of which— 
or their distance from centre to centre"-Sihould 
lie between 34 and 4^ times their diameter if the 
joint is to bo made properly tight. The breadths 
of laps required are for single riveting from 
to 3J diameters, and for double riveting from 
to 6 iliametors of the rivets. To caulk a lap- 
joint (snob as in Fig. 40), it is first neoessary 
to notch tbo edge of the plate with a suitable 
tool, and to drive tho “ burr ” thus formed close 
against the inner plate. This simple operation 
is found to answer every requirement. 

The plates are fastened to the frames by rivets 
spaced from 7 to 9 diameters apart from centre 
to oentro, except in wake of transverse water¬ 
tight bnllcheads, where the pitch is made about 
one-half as great, and other special methods are 
adopted, which will be explained hereafter. Hho edge-rivets in 
wake of the frames have to pass through three thicknesses, and 
more than nsual care is required in order to seonro good boles 
for them. On this account it is usual to leave the holes in the 
frames in way of tho laps or “ lands " of the plating, nnpnnohed 
until tho plates are fixed, and then to drill them, or else to “ bore’ ’ 
them ont with a sort of portable punching machine. All the 
other rivot-lioles wunid bo punched in the frame angle-irons 
before they are put in place, and they shonld be punched before 
tho frame angle-irons axo bent, in order to make thoroughly 
good work. 

Turning now to the fastenings of tho butts, we meet with muoh 
greater variety end diffionity. At present onr remarks will be 
ounfined to a description of the principal plans that have been 
used, and in a future pai>or wo shall attempt to show what ore 
the tine principles on which all arrangements of butt-fastenings 
should bo boHod. Figs. 42—47 illnsirate the chief methods 
adopted, and in each of them tho vertical line drawn midway 
between the frames shows the butt of the plating, tlie bonn- 
dari^ of the internal butt-strap being shown in dotted linos. 
In oar.b cose also a sectional view is given showing the relative 
positions of the bntted plates, the bntt-etrap, and the adjoeont 
strakes of plating. 

Fig. 42 shows a single-riveted bntt of an outer or raiEed 
strako ; tho bntt-strap proper being fitted between tho edges of 
tho adjaoont sunk strakes, and two short supplementary straps, 
or fish-jvlateH, being fitted over tho joints of the 
strap and tho ennk strakes. So- far os the arrange¬ 
ment of tho riveting is concerned, it will suifioc to 
say that bnildors are scarcely ever content with single- 
butt fastenings, and that Lloyd’s liules only permit 
their use for the thin side plating of poops, fore¬ 
castles, bulwarks, eto. Single riveting has, how¬ 
ever, boon UBod in very many coses, and Mr. Soott 
Bussell has employed it in vessels built on tho longi¬ 
tudinal system. It oan only give sufficient strength Fig. 41. 
against tensile strains, however, when aesociate<i with 
a good frame-spaoe and a shift of butts giving a large number 
of passing strakes between oonseontive butts; and even when 
this is the ease a praotical difficnlty is raised on the gp'ound 
that the bntt is not efflinontly closed and supported when single 
riveting only is employed. Bespecting the other featires of 
the - plan, the use of fish-plates and a butt-strap, it must bo 
stated that they were based upon the belief that it was neces¬ 
sary to strap the butt for the whole bi'oadth of ibe stroke, and 
that the fish-plates, besides doing this, helped to make the butt 
water-tight. __ * f. 

Another attempt in this direction is illnstrated by tnb seotiOB 
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in Fig. 48t wh^re tite strap is aotuaily forged in enoli a manner 
*8 to crreila; the trhole breadth of the batteA plate. This wae 
robiiontly a Tery ezpeneire plan, and, os well aa the preceding 
one, WM not at all neoeaaary, for every purpose ia now found to 
be enred by simply fitting the straps to the outaida strakos 
hfltmen the edges of the inside or sunken strakes, as shown in 
the seotion in Fig. 44. With inside strakes it is, of course, 
eaqr to niake the straps extend aeross the full breadth of the 
hatted plates, and this is commonly dcme as shown in the see* 
tions of Pigs. 45—47. 

BevertiDg to Fig. 43, we bare an example of a “ double sig- 
aeg ’’ batt>faatening, snob as was formerly very gonorsUy em> 
ployed, bat has now ipven place, to a great extent, to *' donble 
<diain ’* riveting like that shown in Pig. 44. Chain riveting is 
consideved to be rather stronger than zigsag, and is now much 


from the butt. Someiames, and more commoidy, only the outer- 
row of rivets on each side of the butt ia thus tomted. In either 
oaso'the object of the plan is either to distribute the fastenings 
well, or to secure the butt with a greater numbn of rivets than 
could be worked in if double chi^ ritoting were useA The 
spacing of the lows of riveta nearest the Wtt must, of course, 
be aa close as before—{.e., from to dfametRS—in order 
to allow of the butt being caulked. « 

The operation of caulking a butt-joint ia iQnstrated in Fig. 
89. Notches have to be cut with suitable tools in the abutting 
edges of each of the plates, and the burr so formed is cateCnlly 
beaten into the joint to make it Water-tight. Considemble ad¬ 
vantages are gained by having the butte flneh-jointed, both as 
regards toe resistance offered to toe ship’s passage through toe 
water, and tha.4^^0P>>‘0°^ strength of the plating. 
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Pig. 45. 


Fig. 46. 


Fig. 47. 


weed in merchant ships, while it is exclnsively employed in the 
ships of toe Eoyal Navy. In foot, too general arrangement of 
fastouinge in toe bottom plating of the latter would be fairly 
illustrate by Pig. 44. 

(. . Aa example of a treble zigzag riveted butt is shown in Fig. 
45, and one of treble chain riveting in Fig. 46. The former is 
bid rarely used; and the latter, although it has been strongly 
advocated by some high antboritiee, has not been much em- 
picked. Sheer-strakes, middle-line keel-plates, and a few other 
loi^tadiaal pieces, are almost the only oases in which treble 
ohi^ rivetiagia adopted: but one or two builders have even 
gone BO far as to ase quadruple chain riveting in eeonriag toe 
butts cf'the sheer-strakes in vessels of nnus^ length. This 
seems quits uaneosesary, however, and double chain riveting,, 
aatoeiated with a good sl^ ei hatti, can be made to answer all 
nswatisl requirements in fhstridng toe butte of the outside 
pMbItr* Fig- 47 a phut net often used is ihnsttatod, and 
vriEte Mm to wer from toat in Fig. 46, in having the ^ter- 
mtto titm left'ont in the two rows on each side most distant 


necessity for fitting the butt-joints closely was not formerly 
recognised by iron ship-builders, but now it ia general^ ad¬ 
mitted ; and either by planing or chipping the desired object ie 
attained in well-built iron sbips. 

Butt-straps are usually of about the same thiokness aa toe 
plates they coimeot, in some cases being of an inch toioker, in 
others ^ thinner, and in otoers again of equal toiokuese wito 
the plates. The fibre the iron in toe simps toonld-always 
run iu toe some direction os toat in toe plates; so toat toe 
straps should be out off toe ends of plateS. Their breadth vary 
wito toe character of the fastenings. For single riveiang toe 
total breadto of bntt-strap would be ibom 6i to 7 tones toe 
diametor of toe rivets, for donbld* riveting from H to 18 times, 
and for treble riveting from 17 to 18 tonek In both edge and 
butt faate^gs it is a rule to have at leaet a,space as great as 
toe diametoottoerivote between theedgt offhe plate ta strap 
and the row of holes nearest to it; and wham toere are|wo w 
moce rows of rivets, toe practice is to aQow a dietance vairying 
from H to 1| tones diametm between adjacent rows, 
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FISH CtTLTURE.—IX. 

Osanuii TxtnmiM 

IMBTIKCTmi dHABACTEBIBTIOB 07 BAIiUONlDBi, I!TC. 

TakbblIi tells na with truth that of the speoiee of SahnonidoB 
«*tirfaiig in this country the oharaotere and distinotionB admit 
of coneiderable detail. Too muoh reliance has been placed 
upon colour, without reeorting Buffloieatly to those external 
indioationB founded on organic structure which may with 
greater certainty be depend^ upon. 

In the scale the relatire Talne of parte affording chacaoterB 
for distinction, the organs of digestion, respiration, and motion 
are admitted by systematic authors to hold high rank; and in 
the hope to induce sports¬ 
men to become zoologists 
—BD for, at least, as to 
enable them to .determine 
the Tarious species they 
may' meet witii by a re¬ 
ference to those external 
characters which are the 
most important—the spe¬ 
cific distinctions in the 
genus Salmo will be illus¬ 
trated by referring to the 
number and situation of 
the teeth, the form of the 
different parte of the gill- 
covers, and the size, form, 
and relative situation of 
the fins. 

' Figs. 14 and IS here in¬ 
troduced represent a front 
view of the month and a 
side view of the head of 
the common trout. In 
the first of these illus¬ 
trations (Fig. 14) a marks 
the situation of the rows of 
teeth that are fixed on the 
central bone of the roof 
of the month, called the 
vomer; h, b refer to the 
teeth on the right and 
left palatine bones, and 
the row of teeth outside 
each palatine bone on the 
upper jaw ore those of the 
superior moiillary bones; 
e refers to the row of 
hooked teeth on each side 
of the tongue, outside of 
'whidh are fiie lower jaw¬ 
bones. The trout is chosen, 
as lowing Ihe most com¬ 
plete series of teeth among 
the BahnotUdm; and the 
value of the arrangement, 
as instruments for seiznre 
and prehension, arises 
&om interposition of 
the different rows, the four lines of teeth on the lower surface 
alternating, when the month is closed, with the five rows on 
the upper surface, those on the vomer shutting iu between the 
two rows on the tongue, etc. 

Fig. 16 represents, in outiine, a side view of the head, of 
which a is the pre-operculum, h the operculum, c the sub-oper- 
oalum, d the inter-operculum, e the branchioBtogens mja ; tiie 
tour 1^ parte together forming the movable giU-oovers. The 
fUfferent fins are sufficiently indicated by being coupled, when 
r e fe rred to, with the name oj the part of the body of the flah 
to which tl^ are attached. 

(Die external appearance of the adult salmon during the 
summer months, when it is caught in the estuaries of our large 
rivets, is too well kno w n to require muoh description. !fhe 
uimw part of (he head and back is dark blnidi-black t the sides 
1^^;' the belly silvery white; the dorsal, pectoral, and 
candal' dnaky bladk; the ventral fin white on tim outer 


side, tinged more or less with dusky on the inner surface: the 
anal fin white; the small soft fleshy fin on the back, witneut 
rays, called the adipose fat fin, or the second dorsal fin, is of 
the some colour nearly as the part of the back from which it 
emanates. There ore mostly a few dark spots dispersed over 
that part of the bo^ which is above the lateral line, and ijie 
females usually exhibit a greater number of these spots than 
the males. 

Those colours, differing but little, are, however, in a great 
degree common at the same period of the year to the three 
species that are the most numerous, as well as the most valu¬ 
able, namely, the true salmon, the bull trout, and the sea or 
salmon trout, which ore also further distifignishod from the 

other speoies of the genus 
Balmo by their seasonal 
liabit of moving from the 
pure fresh water to the 
brackish water, and thence 
to the sea, and bock to the 
fresh water again at par¬ 
ticular periods of the year. 
Further specific distinc¬ 
tions arc therefore neoes- 
Boiy, and those that will 
bo pointed out as existing 
constantly in these species 
will, it is hoped, enable 
observers to identify not 
only each of these, but 
also the other speoies of 
the genus at any ago or 
season. 

The three illustrations 
on the left hand—viz.. 
Figs. 16,17, and 18—repre¬ 
sent tbo form of the dif¬ 
ferent parts of the gill- 
cover in the three species 
we have just named. Of 
these Fig. 16 is that of the 
salmon. Fig. 17 is the giU- 
oover of the bull trout, and 
Fig. 18 is tlie gill-cover of 
the sea or salmon trout. 
The differences are im¬ 
mediately apparent when 
thus brought into com¬ 
parison. 

In the salmon the pos¬ 
terior free edge of the 
gUl-oover, as shown in 
Fig. 16, forms port of a 
circle; the lower margin 
of the snb-operoulum is a 
line directed obliquely up¬ 
wards and backwards; the 
line of the union of the 
snb-operoulum with the 
opero^um is also oblique, 
and parallel with the lower 
margpn of the sub-operou- 
lum; the inter-operoulnm is narrow vertically, and its union 
with the operculum is considerably above the line of the junc¬ 
tion between tbo sub-operonlum and the operculum. The teeth 
of the salmon are short, stout, pointed and recurved. As 
stated in the generic ohariustere, they occupy five situations at 
the top of the month—that is, a line of teeth on each side of 
tee upper jaw, a line on eate palatino bone, with a few only 
on tee vomer between tee palatine bone; the teeth on the 
vomer seldom exceeding two in number, sometimes only one, 
and that placed at tee most anterior part. Ihore are teeth ex¬ 
tending along the vomer, as in tee salmon trout, and mege par- 
tionlarly so in some of those trout that do n^ migrate. 

The inner surfkoe of tee peetoral fin is in part dusky; the 
being very much fosked when young; but the central 
caudal rays g r o w in g up, tee tail is mute less forked the 
second year, and by the fourth year it has become near^ or 
quite square at the end. * 
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It may bo remarked here tbat, lookiiis: at the form of the 
three giU'Oov’ers, it will be obvione that a line drawn from the 
efztmt te&th of the uppor jaw to the longeat backward projectinf; 
portion at the gdll-oover in either spooieB will ooonpy a different 
Bitoation in respect to the eye; timt the line rrill fall nearest 
th<e centre of the eye in the first, that of the salmon, and 
farther below it in the second, that of the bull tront. 

^e importance of these distmotions will be readily granted 
by the British reader, but fas more so by the eoloniat, as it is 
now on ascertained faot that in Tasmania the flattering notion 
had long oxistod that salmon introdooed from English ora wore 
plentifnl in their dne season ita the Derwent. This delusion 
has, however, recently been dispelled, the supposed salmon 
having been proved, after the above tests, to bo trout, although 
trout of a very fine charaoter. In order in future to obviate 
on error of this nature, Mr. Youell, to whom so mnofa is due for 
the introdnetion Of SaUnonidm in the Tasmanian river Derwent, 
and from thence, to many other rivers, has caused oasts to be 
made of the true salmon and tront, which, having been coloured 
from and to the life by the celebrated fish-painter, Mr. H. 
Leonidas Bolfe, have been forwarded to these colonies for 
general reference. Those, however, who wonld study similar 
oasts, and much more of the greatest value, riiould pay a visit 
to the Fish Department of Mr. Frank Buekland at the Kensing¬ 
ton Museum; and, if on a Saturday, that gentleman will cheer¬ 
fully and lucidly explain a variety of ciroumstances in the 
history of fish culture which, if they do not induce the listener 
to follow out the pursuit in practice, will add no little to his 
wonder and admiration of the works of God. 

Figs. 19 and 20 show the method of handling a trout of 1 to 
31b. weight, and extracting the ova from a fish of from 3 to 5 lb. 
weight. Wo have already detailed the necessary process of 
mouipnlatiug a sohnon of a much larger size. 

Wo may observe that roach and dace are always heavier and 
fatter in those waters in which the well-known external para¬ 
site of the pike abounds. Upon one occasion our fisherman. 
Sorry Christal, was fishing most fruitlessly for roach in the 
Colne at West Drayton, with the customary baits of gentles, 
worms, and paste, when by accident ho impaled upon his hook 
one of these parasites, witli which ho was induced to fish, 
and caught in a short time three roaoh with that one speci¬ 
men so accidentally capturod. Honoe the feasible suggestion 
that the entomologist and the bobinist shall assist piscioultare 
by ascertaining the kinds iff living creatures and plants on 
which fish thrive most, and by pointing out how they may 
be introduced into localitios where naturally they are not found. 
The bottom of Loch Loven is in aome places covered with a 
peculiar weed, sheltering various insects, chiefly orustacee, and 
small snaJls of Tarions sorts; the lake also ^munds in the more 
minute entomostraom. Large quantities of both are founds in 
the stomachs of the trout. This faot induced Mr. D. Esdaile 
(“ The Knral Dean *’), when consulted as to stocking a certain 
water with this prized trout, insisting upon the ova being aocom- 
panied by a quantity of the weeds and small stones to which 
the favourite food ot the fish wonld adhere. In this respect 
Mr. Esdaile exhibited a proper discretion; not so another would- 
be benefactor to a stream in Hampshire, who brought up at 
some expense many bushels of the small snail of the Ues, 
which, while they lasted, fed the fish, but whidh themsedves had 
not a ohauoo of propagation for the want of the plant upon 
which they fed and propagated. 


BIOGRAPHICAL SKETCHES OF EMINENT 
INVENTORS AND MANUFACTURERS. 

. XXXI.—MATTHEW BOtlliTON, T.B.S. 

BV 3AKBB OIUBT. 

Matthew ’Boxtvsos, whose happy improvements is meohanioB 
rendered many ithpoirtBnt sempes to his eountiy, and whose 
name is^timstefy ooniiected wi1% that of James Wdtt and the 
progress of the steam-esi^, WM the son of Matthew Boulton, 
by ^Itristian, daughter tof Mr, Beers, of Chester, and was 
booh at Bir^gham on BMember, 1^8. Es «|la 

pxbKtailw eduoxted at'^e pi^ta gtunmar aeihool''<ff the. 
Ber. w.' AgaiCd, who ctthMed et St. Jehn’a Chabel,' Dorttend, 
ud waa taught dzmrisg hy Wertedte, and hy 


Cooper. When he attained manhood, we axe told that “ho 
was above the middle stature and w^ bnUt; he was exceed¬ 
ingly disposed to encourage modest merit, and was lasdnating 
in ms manner and oonvoraation.’’ 

In bis native town, Birmingham—then consisting of little 
more tiiaa ihiriy streets, though oelebrated for the manu&ctnre 
of leather seven hundred years ago, and for that of coarse iron 
articles previous to the Bcvolntion—^ho established himself as a 
manufacturer, and invented and brought to great porfeotion, 
about the year 1745, inlaid steel buckles, buttons, watch-chains, 
etc. Of Uicse great quantities were exported to France, whore 
they were pur^aed “ with avidity by the English, as tim 
offering of French ingenuity.” 

His manufactory at Birmingham soon became inadequate to 
i his oxtensiva ioQirovements fmd many experiments; and in the 
year 1762 ho took a lease of Soho, near Handsworth, in the 
county of Stafford. Two miles distant from the city, it was at 
that time a barren heath, with a little eminence on the bleak 
summit of which stood one solitary hut, the abode of a wax- 
roncr. By the year. 1765, Mr. Boulton had converted this 
plaoo into the site of his superb manufactory, at the expense of 
^,000; and in the year 1794 he purchased the fee-simple of 
So^, and much of the adjacent land. 

Inspired by patriotic ambition and a desire to encourage 
home jixt and maimfacturo, he established at Soho a seminary 
for draughtsmen and modellers, seeking men who were talented, 
and whom he rewarded liberally. This soon led to his establish¬ 
ing saocossfully an extensive manufactory for ornaments in 
what is called onnolu; and these ornaments not only found 
theit way into thoroyal apartments at Windsor and St. James’s, 
but to those of aU persons of rank and taste in most parts of 
Europe. 

On discovering that tho null which he had erected fell in¬ 
finitely short, as a force, oven with the aid of several horses, of 
that which ho required to complote the great works he had in 
view, he had recourse in 1767 to tho steam-engino, which was 
yet in its infancy, and did not at first answer the expectations 
that had been formed of it; and yet, if we are to believe Dr. 
Darwin and Aikin, the idea of sn^ a i>pwur is much older than 
the days of the Marquis of Worcester or of James Watt, as 
the former asserts that Hioro of Alexandria, who flourished a 
hundred years hefore Christ, had “ an application of tho force 
of steam to produce a rotative motion by the reaction of steam 
issuing from a sphere mounted upon on axis, through two 
small tubes, bent into tangouts, and issuing from the opposite 
sides of tho equatorial diametc? of the sphere—tho sphere being 
supplied wito steam by a pipe communicating with a pan of 
bcdling water, and entming at one of its poloswhile the 
latter in the first volubie of his Athenamm, under the title of 
“ Omnia,’’ asserts that Pope dylvestw II. hod clocks and 
organs which were worked by otoam about the end of tho tenth 
oeatnry; and M. Delesoluze about thirty years ago mode a 
diseovery among the MSS. of Leonardo Aa, Vinci, t^t carries 
a knowMge of the steam-engine back to the fiftmnth century, 
in tiie design for a steam-gun oallod an axohitonnexre, or “ an 
invention of Arohimodos.’’ 

In 1709 James Watt, of Glasgow, as related in his memoir,. 
had obtained a patent W improvemonts in the steam-engine, 
which induced Mr. Boulton to invite him to Soho, and slim to 
settle there, to whioh he ooneented. In 1775 Psxlismeat 
granted a prolongation of the patmt for tweniy-five yean to 
the Messrs. Boulton and Watt, who, on booomiag partners, 
established at Soho an extensive manufactory for these engines, 
from whence they were sent to the greatest nunes, maonfae- 
tories, and other works in England; and among vatioos 
applioationB of steam, that for ooinisg was of considerable im< 
portanoe, as one engine, managed by a few boys ot from twelve 
to fourth yean, worked a nnmbm of ooining maohines with 
greater BnoeesB and exactness, than could be done by the same 
nnmber of able-bodied axtazans, without endangering their 
fingers, as the maohine itself laid the blanks upon the die, per¬ 
fectly ooncenttal with it, and when stnoh ^placed one pair to 
replace it by another. The ooiniiig mill, vfhiCh was eons tr ooted 
in 1788, was neatly improved, and by the end of the oentory 
was'adapiM to wpA eight mSinhinsg, ea^ of whioh was .oapshls 
of strOdlig'f^ 60 to lOO ooihs, of; the fnhisa siss, per mumte, 
ot e^ to hetwtm 30,600 and iw'hafit. B miiA A 

fioiidsg itu hhd liem enietea in the Bojysl'UlBt, says Shaw m 
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hia “ Histoiy of Staffordshire,” it would in casoa of emergency 
bo able to coin all tho bullion in tho 'Banir of TBngiati^, without 
the nooeeeity, which then exiatod, of putting Spnnkh dollars 
and dtber foreign coin in oiroulation. At iSe Soho ndll, tho 
eame blow which struok Ibe face and reToree, also formed tho 
edge, whether milled, plain, or with an iuBoiiption, as in the 
oaso of orown-piecos. 

“Tho whole of this magnificent and exponsiTc apparatus 
(says Dr. Darwin) moTCs with such superior excellonoe and 
oheapnesB of workmanship, as well as with works of such 
powerful machinery, as must totally prevent clandestine imita- 
tiona, and in consequence (aa coiners wore then hanged) save 
many lives from the hand of tho exeontioncr. If a civic 
orown was given in Itome for preserving tho life of one citizen, 
Mr. Boulton should be crowned with a garland of oak.” 

In 1773 the ingomous method of copying pictures in oil- 
oolours by a meohonioal process had been invented at tho Soho 
works, under tho patronage of the propriotors; and, like oleo¬ 
graphy, was brought to such perfoction as to make its produc¬ 
tions bo taken in some instances for tho originals. The art was 
brought to porfeetion under the management of Mr. F. Eginton, 
who was also colobratod as a painter on ghiss; as stated in 
our paper on James Watt (Vol. II., page 130), tho art of sun- 
pointing by doguerrootypewaB not unknown ‘o Mows. Boulton 
and Watt. 

Tho former, in 1788, struck with tho coiniiig machine a gold 
piooo of tho old guinea size, as a pattern, the letters of which 
wore indented insteud of being in relief, wbllo the head and 
other devices were proteclod from wear by a fiat border; and 
from the iierfoct rotundity of form, oto., with the aid of a stool 
gauge, it could with ease and certainty, by its epeoific gravitj’, 
be distinguishod from any base iiiotol. And proviouB to Messrs. 
Boulton and Watt’s ongagomont to supply (tovonimont with 
copper ooius, in order to bring their appiiratus to greater perfec¬ 
tion, they had oxernistd it in coining s.iver ftir 8iorra boone 
and tho African Company, and copper for iMTinnda and tho 
Bast India Company 

Many of the bountiful mi/lirls presoutod, about that tiuic. to 
distinguishod officers in both smvicos, were from time to time 
struck at the Soho works. 

On the accession of tho Ttnssiaii Emperor Paul I., Mr. Boulton 
presented him with sorao of f ho most intorosting articles of their 
manufacture, and in return, received—^froni that unfortunate 
monarch, who perishod by violence—a letter of {.banks and appro¬ 
bation, together with a splendid collection of m..dals, specimens 
of all tho modem money of Kussia, end of many minerals from 
Siberia. Among the medals was a massive golden one, tearing 
the head of Paul. This pi* ‘O, the beauty of which is said 
to have been unrivalled, was struisk fnon e die engraved for the 
then Empress, who from her youth had i.iltoii a great delight 
in the arte, particularly that of ougraviHH oj.. m :d. 

With a view to still furthor imi-rovin; «i ' racilitating the 
oonetruoifiou of steam-enginjs, t,. - tvatt. in uonjunc- 

tton with their sous, ostabliahod a foundry at Smethwick, a 
viUago is Staffordshire, three nides from L'irmi-igbam, and 
intorBeoted by the canal. Theio the powerful wtiieb had 

already done eo much, was employed l«> roproibiee ar.d multiply 
itself; and the engines, which wore zhore fabricated with won¬ 
derful regularity, noatnoss, and expedition, were forwarded to 
sH parts of the kingdom by tho Birmingham Canal, whieJi, by 
means of a wet dock, oommunioated, with tho foundry. 

Thus, in s n^onal point of view, tho undertakings of Matthew 
Boulton wore in on eminent degree highly valuable and impor¬ 
tant. By oolleoting around him draughtsmen and artists of 
vaxiouB descriptions, rival talents were stimulated or called into 
and .snccesBive competition multiplied to an extent 
greatly b e p efi”*! to the publio; while that which befoie had 
been » barren heath was covered with objects of industry, with 
and plenty. The Soho works alono covered many 
seres, and by tho time the patent expired, and Watt withdrew 
fron *b«.Tn, with an ample fortune, they afforded employment 
for mcm than 6,000 persons. 

Trior to this the firm had become involved in a quarrel with 
•the faTwoa i s inventor of the patent look, Joseph Bramah, whose 
brobo out floroely in the evidence given by bun in the 
case «f Bonl^n and Watt versut Etomblewet and, Mabeily, 
wbio h was tried in December, 1796; and on being sflenoed by 

ItheJfid^Bnmah-tvraiigedhimBelf in a pemifiilet entitled “A 


Letter to tho Bight Hon. Sir James Eyre, Lord Chief Justice 
of the Common Pleas,” eto. 

In'1809 the apparatus tot first supplying the city of dlasgow 
wirii gas—then a wonder of tho age—^as prepared by Bonlton 
and Watt, fitted at Anderaton, a suburb one mile distant 
from the Oity cross; and the whole, wo are told in a print of i£e 
time, “ oonstxtnteB a very pleasing exUhition. Two iron retorts 
of a Bemi-oylindri«»l form, each capable of containing one owt. 
of coal, yield at every oharge 750 oubio feet of gas, which, after 
being w^ed so as to deprive it of any disagreeable smell, is 
conducted into a large oubiaal plate-iron gasometor, of a ospodiy 
eqnal to 1,190 feet. The gas evolved by the regular process of 
carbonisalion, during the day, is heroin sto^ up for na& 
From this magazine, which floats in a water oisteni, a main-, 
pipe issues, which afterwards branches into innumerable lami- 
floations, some of them extending several hundred feet undenr 
ground; thenoe to emergd, diffusing over a multitude of apart, 
ments a kind of artificial day, eo vivid is the illnmihation. 
Tho flame, however, thbngh exceedingly bright, is very soft and 
steady, and free from that dazzling glare which has been ao 
greatly complained of in the othervriie beautiful light of the 
argand lamps.” Such was the simple oooount of this now 
modo of iUnmination, which brought the peasantry in from the 
Campsie HUls and the Benfrew villages, to throng tho streets, 
and gaze at as a new marvel, and which even Sir Walter Soott 
had ridicnled as a wild idea of lighting cities with smoke! 

“ No trouble attends this beautiful iUumination,” adds ibe 
memoir road before the Philosophioal Society of Glasgow in 
1810; “ tho occasional attendance of one man in the gas-house 
to charge the retorts and mend tho fire being aU that is neces¬ 
sary ; and no trimwmg or snufiing are required." 

No oxpenso had boon spared to render his own works hand¬ 
some and nniform in arohitecturo, as well as neat and commo¬ 
dious ; and the taste with which Mr. Boulton adorned the gardens 
and laid out the pleasure-grounds, rendered his residues at 
Soho both pleasant and piotnrosqae; and there ho died in the 
year 1809. He was not only a member of tho Boyal Soojetiea 
of London and Edinburgh, but likewise of that which boars the 
title of the Free and Eoonomioal at St. Fotorsburg, and of 
many other foreign soientifio institutions. 

“ To comment upon tho privato characjbor of a gentleman in 
Mr. Boulton’s sitoation (says tho Scots JUaffoxine, tor the year 
subsequent to his death) would be a useless task; wo shall 
thoroforo only observe that, as his great and expanded mind 
formed and brought to perfection the wonderful works he pro¬ 
duced, BO ho felt no gieatci felicity than that of diffusing happi¬ 
ness around him. For a long time previous to hia decease he 
had been confined to his room by illness, and his dissolntion 
daily expected. His memory will ever remain dear to the 
Britlkh nation, whoso glory was advanced in proportion to his 
own fame. Phiile we commemorate those great men who have 
sought their country’s honour iu the fields of war, wo ought not. 
to omit paying a just tribute to those who have promote arts,, 
industry, and oommeroe, and diffused plenty and oomfort 
throughout the realm, by cultivating science and applying it 
to tlio arts of poaoe.” 

Playfair, in speaking' of Mr. Boulton, describes him, “ a 

man <k address, delighting in sooioty, ootive, and mixing with 
people of all ranks with great freedom and without cere¬ 
mony.” James Watt also spoke of his partner in.the highest 
terms, ascribing to his friendly encouragement, his partiality 
for Bciontiflo improvements, and his ready applicatiop of them 
to the purposes of art, his intimate knowledge of businesa and 
monufactaros, his extended views and liberal spirit, moat of the 
Buccesa that attended his own exertions. 
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By Hnitsnr HoaTBCon. 

BLIDU-BBST AVPIITO TO BUEBIiB lATHB—SMAtL TOOMMfflB. 
Fio. 28 rilowB the applicatios of another form of &e ^de- 
rest to a simple laili)w. This riide-rest has a surfaoe-riide' next 
the lathe-beda. and tba aH<lA md centre lino of bed are Irept at 
^ht driving head-stookih its usual 

position, the motim of the Bnrfaee*&de rrill alimra^ tm* to 
produce a pliiM «»faM upon the faM-]^a«e of the lathe.^ 
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Th9 tesfazM* 
■Ude ii pliwed 
aqton lAia nr* 
fao«>alide«ith 
tha nmal an* 
galas motion 
betwaen the 
two. Tlietra- 
▼ene>Blidei it 
will be ob¬ 
served, bee a 
long motion, 
and tttia ia a 
v «7 deeiiable 
feature in all 
slide-testa ap¬ 
plied to hand- 
lathes, as a 
good Wgthof 
ont can be 
taken wildi 
one setting of 
the aUde-rest; 
whereas if the 
slide be abort, 
as ia too gene¬ 
rally the case, 
it bMomea ne- 
oessaiy, when 
taming np a 
long shaft, to 
freqnently 
move the slide- 
rest along the 
lathe-bed into 
anawposHaon. 
In slide-lathes 
or lathee in 



these strains 
without 
springing or 
yield&glnthe 
slightest de¬ 
gree. This 
nooessitateB a 
great deal of 
metal, and nn- 
less the de¬ 
signer be very 
otoefol in pla¬ 
cing it by oor- 
leotiy propor¬ 
tioning every 
part, lathes 
andmest ma- 
dhine tocds 
are canned to 
look nnnoees- 
earily heavy 
and ohmuQT. 
If the) tool, 
from’ any 
cause,does not 
keep firmly in 
contact with 
its ont, the 
effect ia moat 
unsatisfactory 
and annoying. 
A moat di^ 
a g reeable 
noise is gene¬ 
rally piodn- 
.oed, and the 
surface of the 


work is fonnd 


which the rest itself is moved along the lathe-bed to form the 
traverse-slide, it is quite nnneceaBary to have a long tiraverse- 
sUde upon the rest; and, indeed, a long tilde wonld bo rather 
an inoumbranoe than otherwise. It mnst'uot be forgotten, in 
oonstmoting or choosing a i^de-rest, that the longer a elide 
piojeets ont 
over the sap- 
porting - slide 
or lathe - bed, 
the stifler and 
strong^ it 
mnst be to 
resist a given 
depth of ont. 

The present 
example erre 
probably on 
the sale side 
in respect of 
weight of 
metal, bnt it is 
better to have 
too much 
metal in a 
slide than too 
«litUe. Atiide- 
rest, amd, ih- 
deed,ti»whole 
of a lathe, has 
sotoni^tobo 
strong enoogh 
to retiatfra^ 
tore from the 
straihe to 
wUoh they 
smsQbieeted, 
fesAsmyport 
to bs 



to beveiy rough and uneven. Bntwant of metal is not the only 
eanee of nnsteadinees in a elide-rest. No qaantiiy of iron will pro¬ 
duce a good slide-rest unless the fit of the varioas sliding parts be 
everywhere dose, and the warkmanship of ovary pa*t aoenrate. 
A great deal also depends upon the position <rf the tool with 

ren)ect to the 
rest mid to its 
cut, and aa 
muohnponthe 
ahape andoon- 
diticm of the 
cutting - edge 
of the tool, 
especially if 
the ali^rest 
be rather weak 
or nnsteady. 
A good tod- 
holder also, as 
before men¬ 
tioned, is very 
neoeBBary;and 
in the at 
Fig. 28 the 
hdder ia ot 
thia quality. 
It ia of the 
triangular 
plate varied, 
oe & a pte- 
viouB example, 
but &e walk¬ 
ing oat is 
mndh more 
meohaatoaL 
There ia the 
eentral bdt, 
wUoh is’vaiiy 
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ft vall-flttiiigr soraw-nat. The length of the ant ie tumanallj 
great fts oompared with the diameter, ae the threads ate sab* 
jeotod to ft connderable amount of preeBore and wear. The 
triaagnlar plate has only one otW eorew tiizongh it, and this 
note ae a anpport to the third angle oftheplate, andiaadjuetable 
to different thiaknesBea of tool, ae in the previone example. At 
thete^o other oomere of the plate aro two lEnobe or projeotiona 
ma^ of hard ateel, whose fnnotion it ia to bear upon the tool 
whioh is placed tmdemeath them. The two points are tightened 
down upon the tool by taming the nnt upon the central spindle, 
^d the tool is by this means firmly and seonrely held to its cat 
in any r^nired position upon the tool-plate, as the triangular 
plate may be shifted anywhere around the central bolt. Alto¬ 
gether, this may be considered a fair specimen of the slide- 



Tig. 30. 


rest as nsually applied to a hand-lathe. The illustration was 
engraved from a photograph taken from a lathe made by Mr. 
Mnnro, of Lambeth. 

Rg. 29 is a front elevation, and Fig. 30 an end elevainon of a 
awian foot-lathe for hand-turning, but with sUde-rest attached, 
as made by Sir Joseph Whitworth and Co., of Manohrater. The 
lathe is driven by a treadle through two onnks, and the treadle 
and cranks are connected by two ehains inst^ of the usual 
links. The ">■""<» pass over the oronk-pins and around pulleys 
to the treadle-lever’, as will be seen by the illustrations. 
The have a slow rolling movement when the treadle is in 
motion, end the friction is somewhat lessened by their use. 
Snrn^iwari bolts ate used insteftd of chains; the former 

give >' elastioify and a somewhat plea¬ 

santer motion when treading, but it would be difflanlt to 
one mo^ of oonneotion has any substantial advantage 
«mtlM other. 


The crank-shaft is hung between centres, and the grooved 
cone-pulley has a set of four grooves for the fast speed and two 
slow-speed grooves in addition. The oone-pnlley ia nmde very, 
heavy, so as to act as a fly-wheel, and carry tiie crank around 
agai]^ a heavy out. The doable gearing is ol the usual kind, in 
whioh the wheels ate slid into and out of oontaot with ^h 
other. The end pressure caused by screwing up the oentm 
against work between them, and in other ways, is taken by a 
back-centre shown at the extreme left hand the head-sto^, 
and this, when practicable, is no doubt the best arrangement, as 
the thrust is direct, and the back-centre is easily adjusted to 
take off any pressure from the beating-collars. In some cases, 
such as when change-wheels have to be placed upon the end of 
the lathe-spindle, tite position of this back support becomes 
somewhat inconvenient, and it is sometimes expedient to receive 
the end thrust or back pressure upon the collars of the spindle- 
bearing. But in these oases the friction is certainly greater 
than when a proper back-centre is employed, as in the present 
example. 

The spindle-nose carries a doable or Clement’s driver, and 
this looks rather heavy for the lathe-spindle. It may be ques¬ 
tioned whether an ordinary driving-plate with a single arm 
would not do quite as well as the one shown in place, besides 
being considerably lighter. Both the hand tool-rest and the 
slide-rest ate shown in position on the lathe-bed. The former 
is of the usual variety, as will be seen from the iUnstration. 
The slide-rest is an exoeUent one, and it would be difficult 
to find any fault either with its arrangement, proportions, 
or workimnship. The drawings will sufficient]^ explain its 
construotion. 

The screw head-stook has the internal screw and sooket, the 
action of whioh has been already shown, and a sectional drawing 
of it given. 

A bracket projects from each of the standards carrying the 
lathe-bed, and upon the two is placed a wooden shelf, whioh is 
very convenient for receiving the various tools, etc., that 
happen to be in use, and keeping them within easy reach of the 
operator. 

Altogether, this lathe is an excellent example of a light hand- 
tool lathe, and the slide-rest is especially good; and in bring;- 
ing our description of it to a close, it ia needless to say that 
the workmanship of every part is first-rate. 


BUILDERS’ QUANTITIES AND MEASURE- 
MENTS.—XIII. 

BT S. WTKDKAM TA.BW, U.a. 

0 PIASTESING. 

Ttfx work of the plasterer belongs both to the outside and 
the inside of buildings. When any port of the outside of a 
building is covered with a coating of cement or stncoo, this is 
executed by the plasterer. The internsl work of the plaet«er 
consists in covering the walls, coiUngs, and i)artitiona with a 
facing of plaster, adding ornaments, mouldings, comioes, etc., 
as may be required. A’laster or cement floors are also executed 
by this workman, and also the pugging on the sound-boarding 
whioh the carpenter has laid between the joists. 'White¬ 
washing or lime colouring to ceilings or walls belongs also to 
this tr^o. 

For outside work or stucco there are a variety of different 
materials used, as well ae modes ai applying them. Bough 
casting, whioh is plaster sprinkled over with lime and smalh 
stones; rendering with blue lias lime mixed with sand; render¬ 
ing with Boman or Portland cement, either neat or gauged with 
sand, plain or jointed to imitate stone. In measuring cement 
work, take all the surface that is coated with stucco in super¬ 
ficial feet, bringing into yards in the abstract; deduct all open¬ 
ings, state how many coats are used, and the proportion of sand 
to cement. Facias, pilastws, reveals, etc., are taken by the 
foot superficial; all mouldings aro taken the girt b^ihe mn- 
xung length, and the area in superficial feet entered to the bill. 
Arris edges, beads, quirks, in. reveals, etc., are token by the 
foot-mn. All mitres, blocks, brackets, oonsolea, pateras, orna¬ 
ments, etc., an numbered. Bnbbing-out with tfl^ to order to 
get an exta tiuokness or projeotion, is meaante^by t^e foot 
snpetfioial, uleM tor » aanow string-orarae, whan it ia taken 
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by thanm. The oolouriasr of oement work, if not donewiih 
oU Mist, ia takes with the plaaterer’a work, by the anperfioial 
f ywjd* 

Stseoo upon walla that are oironlar on pUm ia measured one 
«nd vhalf times the girt by the h^ht, and the 'area added to 
th| plain work. 

Fkaelled work ia naually meaaured by taking the round of 
the panel as square anis, or moulding, deeoribing the girt of 
the moulding. 

No allowance ia made for the aoaffolding used in executing 
the atnooo to outside walla of new buildinga; but if it is done 
to old walla the aoaffolding must be ehuged, when erected 
for the purpose of doing the wmA. In rendering old walls, the 
joints are raked out, and the walla axed, which ia stated in the 
measurement, the work being taken ns before by the 8nx>erficial 
yard. 

Cemmt floors are meaaured by the auperflcial yard, describing 
the proportions of sand and cement; but small works, such 
as hearths, coating cisterns, etc., ate taken by the foot supor- 
floiaL 

In measuring the internal plastering to walls, take the round 
of the room by the height from floor to ceiling, if there are 
neithn sUrting grounds nor cornice, but if bot^ then by the 
height from the top of the grounds to half way up the cornice; 
this will be brought into superficial yards and described, rendcr> 
ing one coat, render and set if two coats, render float and set 
if three coats. Toko the run of quirks to beaded angle-staffs. 
If, however, any part of the walls of the room is formed by a 
quarter paction, it most bo meaaured separately from the 
brick or stono walls, and taken as lath and plaster—one, two, 
or three eoats, as the case may be; and the same is the case if 
tile walla are battened out for the plastering. 

Hie ceilings are measured the length by the width from wall 
to waiD. if there is no cornice, and brought into superficial yards, 
as latih render one, two, or three coats. When there is a 
oomioo, deduct its width once in each dimension, or take the 
area htdf-way across the cornice. Take the girt of the cornice 
by the length, and bring into superficial feet; number the 
inltrea, ornaments, paterae, centre flowers, etc.; take the run 
of sU continuous ourichmouts, and describe ihoir girt. For 
TBty lofty rooms an extra price ia charged for the use of 
aci^olding. 

Frieses, soffits, raised or sunk panels ore taken by the foot 
superficial, running the moulding or orris of the panels, and 
numbering the mitres. 

Coves to comioes are measured separately from the moulding, 
the length by the girt, and brought into superfiaial feet, 
s Yarions oemonts arc used for the internal finishings, the walls 
being either first rendered with common plaster, or with a 
tough coating of cement and sand, before the finishing co^t is 
given. The measuring is similar to that above given for ordi¬ 
nary jdaster, the quality of the oemontwwk and number of 
coats being described. Skirting in cement, arrises, quirks to 
staff angle-beads, narrow mouldings, beads, enriohments, eto., 
are taken by the foot-nm. Work in panels, pilsstors, shafts, 
frieces, mouldings, comioes, eto., is measured by tiie foot 
superfloiaL ' 

In measuring the plastering to walll that are oironlar on 
plan, take the height by one and a-half times the girt, and 
bring into superfioial measurement, adding it to the straight 
work. 

Whitening or oolonring plasterer’s work is measured by the 
nqpetfioial yurd, describing the number of coats, and what tints 
, aie to be need. If comioes have to be in more than one tint 
th^ors taken eeparatoly, and also all enriohmenis that are 
pioM oat ia odour. Old work, that has to be re-whitened or 
oolonred, is described as wash, stop, dairooUe, and whiten or 
odour, the anperfioial yard. 

Fogging, whidi is oomposed of coarse stuff and dropped 
hay, Idd upon the sound-boardiug between the joists ot a 
floor, it measured by the square of 100 superficial feet, taken 
over tits whole floor, witiiont deducting ^ tiuokness ot the 
tambers. 

In entering pkateier’s wtwk in tire dimeasic^ book, tire 
mmyor uses varions abtewriations. Thus, " & '* stands for 
Mnder 1 *' B. 8.,” for tsnd» set; “ B. F. 8.,” for reader, float, 
aad jsti ^Xi. FV* lorlatii and plaster^ “L,F. 8.,” for lath, 
^soti “]:i.F.F.#V* Wbd4tiPlMtec,fl(W^sad set; 


“ W. 3. C. W.," for wash, stop, clsizoollo, and whiten; L. W.,’* 
for lime whitm; and so forth. 

We shall now give a speoimen of tire entries of plasterar’s 
work in ^e dimension book, which may serve to iUnstrate the 
foregoing rules:— 

■ZTXBKAJUiT—lOBXLAirS CBltXNX. , 


2S 6 


Plain laee on brisk, Pd. 

22 0 

681 0 

cement with Sputa washed 

—— 


■and, joiated. 

4) 8 6 


Heduot. 

3 0 

78 0 



483 0 


2) 10 3 


punsters, ditto, ditto. 

1 4 

27 4 


2) 22 0 

44 0 

Anis edges, ditto. ' 

4) 16 6 

88 0 

4j in. reveals, ditto. 

4) 17 8 

70 0 

Architrave moulding, 3 in. 

— 


girt, ditto. 

25 6 


DnbbiDg-out with plain tilos^ 

1 8 

38 3 

t 

25 8 

25 6 

Chamfered edge. 

25 6 


Moulded string. 

1 3 

31 11 


2} 2 0 


Ditto caps and haaee. 

1 e 

0 0 



37 11 


No. 4 mitres to mooldg., 15 in. girt. 10 hiaokota, 12” x 6". 

„ 8 mitres to monldg., 3 in. girt. 


22 0 



18 0 

896 0 

1 B. and tough oast on htiok. 


INTaRSTALUT. 

2) 15 0 


Fugging of coarse stuff and 

13 S 

375 b 

chopped hay. If in. thick. 

e) 4 0 


B. with Portd. oement and 

1 6 

48 0 

8 of Bond to hearths. 

15 0 


Ditto, ffitto, to floors. 

10 6 

157 6 



205 6 


52 0 

52 0 

Square aklrtg. 7 in. wide, in 

. 


Pd. oement. 


FZJLsniBnia. 

56 6 


B. and S. to htiok wall. 

10 0 

665 0 


10 0 


Add. 

1 8 

15 0 



680 0 

■ ‘ 

3) 6 6 


Ddet. 

3 6 

68 3 



5U » 


15 0 

4 

Xii F. and S. to eeltiai; 

12 6 

167 8 

. ' 'll. 

a. 0 


Ditto sofilt of striel.' 

a 0 

. 88 0 , 



250 8 




BUILDEBS’ QUANTmES AND HEASTTBEUENTS. 


B. T, ud 8. on brick. 


7ABIAN OEUXNT. 

I TrowaUcd for paistiiiK, 

S65 0 I O 


3) 0 6 

S 6 


3) 6 e 

3 6 


«) 10 0 


2) 15 0 

12 6 


L. P. P. and S. to oefliar. 


Add soffit of stsiTB. 


4 ) 10 6 


2) 7 0 

1 0 


45 0 Skirting 0 in. bight mdldr. 

I 3 in. gt. 

DTo. 0 mitros to skirting. 

I Pilasters. 

21 0 


Plain moldg. 


2) St 0 

1 0 


3) IS 0 

12 e 


54 0 I Bnricbment, 6 in. w. 

12 mitres to 18 in. oomioe. 

2 centre flowers, 3 ft. diomr. 

I S. C. and W. to ceilings. 


Add soffit of stairs. 


S. C. and disteropsr 2 tints 
to cornice. 


We have now given a speoimen of cntrioa of plasterer’s work 
in the dimeneion book, ^t taking all parts which are to be 
worked in Portland cement, oxtemall; and iutenioUy; then the 
plasterings applied to the wails, ceilings, etc.; and, lastly, the 
finer work that is dono m Parian cement. Wo have now to 
prepare an abstract of these dimensions, which will be found 
below. In this the work in oemont and the work in plaster aro 
taken separately. In the former the work in Portland cement 
with toe addition of throe parts sand is distingnished from too 
work in Parian cement, and is taken according to toe mode of 
measnroment by superficial area, ran, or number. I'he work in 
the finer oement is also taken in too same way, bnt in this case 
it has been fonnd more oonvenient to arrange the different 
kinds of meoaoroment under one another instead of side by 
side. Ibis has also been done with the rongh costing and 
pnggrng, which is taken by superfloial measoromant. The 
same conrso is also adopted in dealing wito the plastering, 
which is also arranged acoording to eu}>erfioial area,' run, and 
number. 


ABSTBACT. 


POBTLAVU CeMBST, WITH TKEEB Pi.BTS 8 aHD. 


Plasmkiso. 


SurEai'ioiAi,. 



TrowcUd. for 
paintg. 
ft. 

9)511 9 


Pilaster. 

ft. 

21 0 


B. Bough cast, 

ft. 

9)398 0 


» B. B. 

ft. 

9)511 9 


9. P. S. 

ft. 

9)SU 9 


a C. W. 

ft. 

9)897 6 


L. P. S. 

ft. 

9)2b0 C 
I 27 J ;da 

1 L. p. p. a 

■ 

' 3)447 0 

492 yds. 

Cornice, 

ft. 

162 0 


Enricbment, 
0 in. w. 
ft. 

51 0 


DabUng out with 
plain tiles. 


Pngg.lA!a,tlik, 

ft. 

180)875 


77jyas. 


• , * ft. . S. 0. Distr. 

S 42 'o 2 tiatstoeomiae. 

— . ft, 

8 |«ink Skirtg.9in.Wgh, “ 
with 3 ha. mo, 
ft. 

45 0 


’ NtHBira. 

Vitrs to ikfartg. 
6 
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PRINCIPLES OF DESIGN.—XXX. 

*' 8t CHBI0TOPHKB BBBBSKB, PH.D., P.L.S., BTC. 

STAXNSD aiiiBS. 

Fbok early timen it has been onetomacy to colour glees. To 
the anoient Egyptians a method of fonning glass of various 
tints was known, and 
by produoioif a znftBB of 
glass consisting of yari- 
onsly oulonred pieces 
vitneously united, and 
cutting this into slices, 
they, in a costly and 
iaborions manner, pro¬ 
duced a sort of staged 
glass which might have 
been employed for tiie 
sides of lanterns or 
other purposes. The 
Greeks were acquainted 
with a similar process, 
and bowls formed in this 
mannot by them arc com¬ 
mon in our museume. 

Soon after the re-dis- 
coveiy of glass in our 
own oonntty, methods of 
oolonring it were sought 
out, and beantifal cathe¬ 
dral windows wore 
formed, whioh, soon after 
the disoovery of the art 
of prodnoing oolonred 
windows, were of such 
beauty, and wore ao 
thoTODi^ly fitted to 
auswor tbo end of their 
creation, that little or no 
improvement upon these 
early works has oven 
yet been made, and 
much of the decorative 
glass whioh wo now pro¬ 
duce ia for inferior to 
these early works both 
as regards design, oolonr, 
and mode of treatmont. 

A window must fulfil 
two purposes—^it must 
keep out tain, wind, and 
cold, and must admit 
light; having fulfilled 
these ends, it may bo 
beautiful. 

If awindow commands 
a lovely view let it, if 
possible, bo formed of 
but few fleets (if not 
very large, of one sboot) 
of plate glass; for the 
srorks of God aio more 
srorthyofoonteniplatiou, 
with their ever-changing 
‘ beauty, than the works 
of mua; but if tlie win¬ 
dow commands only 
a ma» of brioks and 
mortar inartistioally ar¬ 
ranged, lot it, if pos^le, 
bo formed of coloured 
gla« having beauty of 
deaigu molested by' 
the arrangement of ite imrta. A window should never appear 
aa a picture with parts treated in light and shade. The fore- 
shoiteiing of the parts, and gH pwapeotive treatmenta, are best 
avtfidad. Ido not say that the human figure, the lower animals 
and must not be delineated upon window glass, for, on 

the wmtnif, ^ey may be so treated as not only to be baautifQl, 


but also to be a oonsistent deoaration of glass; but this I do 
81 ^, that many stained windows are utterly spoiled through the 
window being treated asa picture, and not aa a proteotion from 
the weather and aa a aonroe of light. 

If piotorially treated aubjeeta are employed upon window 
glaae, they ahould be treated very simply, and drawn in bold out¬ 
line without ahading, 
and the parts should 
be separate from each 
other by varying their 
oolonra. Thus, the flesh 
of a figure may be 
formed of glass having 
a pmk tone; the robe of 
glass which is green, 
purple, or any other 
colour; the flower of 
white gloss; the leaves 
of green glass; and the 
sky background of blue 
glass. AU the ports wiU 
thus be distinguished 
from each other by oo¬ 
lonr, and the distinction 
of part from part will be 
further enhanced by the 
strong black outline 
which bounds the ]>arts 
and furnishes the draw¬ 
ing of the picture. 

Strong colours should 
rarely be used in win¬ 
dows, os they retard the 
admission of light. Light 
is essential to our well¬ 
being; our health of 
body depends in a largo 
measure upon the 
amount of light which 
falls upon the akin. 
Thoso wonderful chemi¬ 
cal changes, in the ab¬ 
sence of whioh there can 
bo no life, in port, at 
least, depend upon the 
exposure of om; bodies 
to light; let our win¬ 
dows, then, admit these 
life-giving rays. It must 
also be remembered that 
if light is not freely ad¬ 
mitted to an apartment 
the colonrs of all the 
objects whioh it con¬ 
tains, and of its own de- 
Qoratioua if it has any, 
are sacrificed, for in the 
absence of lig^t there is 
no colour. 

It is not necessary, in 
order to tiie production 
of a boautil^ window, 
that much strong oolonr 
be used; tints of oreamy 
yellow, pale amber, light 
tints of tertiary blue, 
blue-grey,-olive, xnsaet, 
and other sombre or deU- 
oate hnea, if enlivened 
with small portions^ of 
rubyor othwfnll oolonra, 
prodnoe the most oharm- 
ing eSeots, and by their use we have oonsmtent wiadowa. 

A good domestic window is <rftenprodaoad by armorial bear¬ 
ings is colour being placed on geometrioidly arranged tesaeiaa 
of alight^ ^ted gkMS. In some oasaa ani& an arrargamaut as 
tlw is ^Uy deateblfi, for the room may thna get tu benefit 
wld<fii a bit ^ cKdonr wiU aometimea afford, and at the aame e 



Fig. 14fi.— DBSIUN FOB A WINDOW IN STAINBD OLASS. 
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*im<i a plMsaat visv may be had through the 
nnoolooW portion of the window. Aa an 
iBnstratlon oi thia ohuia of window, we extract 
one frem the catalogue of those exodlent 
axtiats in stained glass, Meaara. Heaton, 
Bailer, and Bayne, of Garrick Street (Fig. 
145) 

No orohiteotnral oonatructive feature should 
be introduced into a window—^thua, an elabo¬ 
rate arohiteotural canopy orerah^owing a 
figure ia not at all desirable. If a figure is 
formed of a peridiable material, and atonda on 
the outside of a building, it is well that it be 
protected from the rain by a canopy; but 
such a contrivance when introduooa over a 
figure drawn on a flat'window is absurd, being 
uaeleBa. Let na always consider what we have 
to do before we commence the formation of 
any ornamental article, and then seek to do 
it in the most simple, consistent, and beautiful 
manner. 

More than once in the course of these 
papers I have protested in strong terms 
against pretenoe in art and art-decoration— 
the desire to make things appear to bo made 
of better material or more costly substances 
than wliat they have in reali^ been wrought 
from; that loads most men to paint and 
varnish a plain free-stone mantelpiece in 
imitation of some expensive marble, or to 
make doors and window-shutters, skirting 
and panelling that the carpoutor has fashioned 
out of red or yellow deal, assume the appear¬ 
ance of oak, or maplo, or satinwood, by the 
deceptive skill of the grainer. In no case 
can the imitation ever approach a fair re¬ 
semblance to the reality it is proposed to 
imitate. The coarse, rongh grain of the soft 
free-stone, which is incapable of receiving a 
I>olish, or rather of being polished until it 
becomes as smooth, and oven, and Instrons 
as good gloss, con never bo made by succes¬ 
sive coatings of paint and varnish to aiford a 
satisfactory resemblance to the marble that 
it ia supposed to represent, however carefully 
the cunning hand of the paintev may have 
imitated the veins, and spots, and curious 
diversities of colour with which Nature has 
variegated the surface of the substanoe that 
be is ondcavonzing to copy. Nor, again, can 
a ooarae-grainod, soft wood, however skilled 
may be the hand that manipulates it, be 



treated so as to resemble the texture sad 
smoothaesB of hszd, dose-grained wood, 
iirtiioh from its very nature is capable of re-s 
oeiving the high polish that the softer mate¬ 
rial can never take if treated by the same 
process. And what is applicable to the tiftat- 
ment of wood and stone is applicable also to 
the treatment of glass: for aa a free-stono 
mantelpiece or deal door, however suitable 
and pleasing to tho eye either may be when 
simply painted in tho one case and varnished 
in the other to preserve the surface from the 
deteriorating ii^flaenoos of dirt of any Idnd, 
can never bo made by the exerdse of the 
highest skill to present tho appearance of 
marble or oak; so glass, by the application of 
colonr rendered transparent by varnish, oan 
never be brought to resemble glass stained 
or painted by tho legitimate method, either 
in delicacy of tint, or depth, and richness, 
and brilliancy of deeper colonr. The greater 
part of the imitative stained glass, or “ dio- 
phonie,” as it ia styled, foils not only in 
oolonr, but in design; and in this inde^ it 
may perhaps be said to be ohiofiy faulty. The 
designs for tho moat pert which are printed 
on paper in oolonra err principally in being 
too elaborate, and in representing fignres and 
soenory which are not in charaoter or keep¬ 
ing with tho designs that are nsoally repre¬ 
sented in painted glass. If confined to 
simple diaper work, or borderiugs and heral¬ 
dic emblems, os shown in Figs. 144 and 145, 
or isittems similar to that shown in Fig. 143, 
the artistic effect produced would be more 
satisfactory, although it can never equal 
gennino stained glass in depth of oolonr or 
purity of tone. But there is no neoessity 
for any one who is avorao to doing so to resort 
to imitation even in a means of decoration 
apparently so far beyond the reach of most 
of us as pointed glass. Tho material, in tho 
first place, is cheap, and the mode of proce¬ 
dure has boon described in some of the papers 
that appear in thia work nnder the general 
title of “Practical Application of tho Fine 
Arts.” It may be urged by many that a 
want of skill or an inability to d^w may 
present an obstado to suoccss. It may do . 
so for a time; but a will to succeed at last, 
aided by patience and porseYeranoe, will 
ultimately overcome all obstacles. 


Fig. 1-lO.-^WINDOW WITH SHIBLD, ETC. 



Fig. 144.— WIKSOW-BOBOZB IM STAINED ftl-ASS. 
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SOLDIEEING.—V. 

BT A BTAIT OVSIOXB. 

* ABUAUEN'f: CAVAliBT. 

Wbiut immense improvements liave lieen gradnslljr introdnoed 
isto tbe equipment of other arms of tho servioe, hardly any¬ 
thing has ooourred to render the action of cavalry on a battik 
fold more effective than ifi was formerly. Now, as former^, 
the power of cavalry in actual attack depends on the extent to 
which the velocity and weight of the horse is brought into play, 
it follows at once that tho weapons which ore moat snitable 
in attack, arc those which give fullest effect to these. Little 
improvement has boon hitroduood into the hand-todiand 
weapons of war—the sword and tho lanoo. On the other hand, 
idnoe men on horseback can only use fire-arms with less, not 
with more efficienoy than men on foot, improvements in them 
tend soaroely to inoroaae the power of cavalry. 

The result, however, is not to render the action of Cavalry 
less important, bnt to change its ohoractor. There are atiQ 
cases, as the fight at Besonville in the last war has taught us, in 
which oven now vast massos of cavalry may, by devoted courage, 
BO hamper and delay the action of on onemy as to save an 
army. But tho cavalry is almost inevitably destroyed. A 
general has still sometimes to call upon his horsemen to make 
the saorifloe, but it is like asking men to load a forlorn bope. 
Tiotory may rosnlt. Few of those who have prepared for it 
live to aeo it. The great problem, however, under ordinary 
ogroumatanoM, is how to get with the least saioifioe tiie greatest 
amount of valuo out of an arm which a very brief oonsidoration 
of the foots wUl show to be even more essential than formerly 
to the safety and anooess of on army. 

The tremendous power of modem weapons has rendered the 
element of time one of even more absolutely vital consequence 
than it vras formerly. For within a given time, a properly 
prepared army may inflict upon on army unprepsr^ a disaster 
far more complete and final than was over possible formerly. 
Hence to obtain tho fuQoat information at tho earliest possible 
moment haa become not merely an important matter, but one 
of altogether paramount importanoe. Now time is the very 
element in which cavalry boa always had the advantage over 
all other arms of the service. 

Nor is that all. Tho suddenness of the effects of modem fi^ 
arau has produced a tendency to os sudden disoourdgement 
even among the best of troops. Gravelotte supplies lu with a 
notable instance of it, even among those who had been viotorions 
in every fight. Such panioa, if troope are fit to fight Under 
modem oqnditione at all, pass away almost as rapidly sa they 
occur. If an enemy observe them, and taking advantage of tho 
^ favourable moment act nimn it, victory ia in his hands; if he 
jdlows tho chance once to pass away, his hope of its retiiivung 
ia smalL Now, here ag;ain time being the element o£ all 
importance, oav^ry ie the arm to bo need. Moreover, the 
effect of cavalry has always been essentially moral. Nothing 
impresses the imagination so much as the apparent power of 
clouds of horsemen pouring down upou the aeomingly devoted 
haada of the pigmy-looking foot-soldiem who ora cronij^g in 
tl|i| ground to take aim at tiiem. It needs only tirat the in- 
ftatcy man now-a-days ahonld he calm, and ehould realise the 
mMawy of his weapon, in order to render the attack, powerful 
aa tc is hi appearance, impotent in practice. Bnt men in panic 
are xwt oahn, do not reaaon. Hcmee oavahy thrown at tbe 
moment upon discouraged, amd somewhat disordered 
ought to render it impoeaible for them again to take 

* part ta ths action then going on. 

FtBMSniUWA, sinoo an army onoe beaten is greatly die- 
oOusago^ great «ipi)ortnnitleB are sure to p ro e ent theniMlvei 
after a iNktUa afUd towards Jits <doae. What 1 spoke of in the 
last panigrapk are rather incidents in the conree of an action. 
Whi^ Btmiiia are rarely ao duorganiaed at onee by a ^gla 
paaio, ^at ’Stay may ha freely assailed in tire way thm iq^lm 
ol whilat a IMite » fa fuU vigour, A brigade or a battalion, 
under nxuaptinBaddy enriM etreat of fighting, eipuaea itself to 
saek ansM^ it' may bo at a very eatiy stage Ut tlie Agkt. 
Xipe tncidBidei smat be takmadwniwe 

‘i. aftar a '.towards tlw end- «l 'tim. d» 

liaeii)scilaff;tfewr-:ft»t'llw hittle'WflUiiie lest, file whela 
ar-^^atP'erip<-wiliicia*leiW'dMt^^ tsudate-^ylsld' 
to a aenae of deaponPney, Xco^ that have been oom- 


paratively littie engaged feel thia almoet ae mnoh ae those that 
have been hotly pras^, provided the faeahor troops have been 
able to realise the extent of tho disaster, and unkse they are 
exoeptionelly wa^tTied men. Here again, therefore, immenae 
opportnmtim, now as formerly, proeent themaelvea to the arm 
v^ioh strikes most rapidly, and whiidi most impresses the 
imagination. The effect produced by cavaliy aeiXeg in thia 
way is in reality far greater than formerly; for while men 
cowed by dieoster are not mnoh more deadly enemies if they 
have breech-loaders in their hands than if they had the Brown 
Besses of the Peninsula, let them onoe recover themaelvea, and 
each man represents a far greater power to be overcome than 
in the bid time. It ia, therefore, mmro important than ever to 
strike whilst the task is relatively easy. On the other hand, a 
mnoh smaller body of infantry, it retain order and romain 
nnoowed by disaster, will now be able to repel the incursions 
of pursuing cavalry. 

Onoe more, since cavalry will be used on both sides, and 
when one body of horsemen is thrown in to take advantage of 
panic or disorder, another srill be lannohod to save the aosailed 
infantry from disaster, it becomes of the utmost importanoe 
to have in hand a body of horsemen so armed and equipped as 
to be able to overcome any whom the enemy may bring into 
the field. 

I have p<mted out as I proceeded through the above onume- 
ration of the chief purposes for which cavalry is required, how 
far the conditious apply at the present moment; but tbe dis¬ 
tinctions between the dilterent olasses of cavalry to meet these 
necessities have sprung np in the past, and have in the main 
differed little, except perhaps in toe relative dogroos of their 
importanoQ, from those which we now poBsesB, or indeed now 
require. 

]I!he first brood distinction in toe classes of oavAliy em¬ 
ployed is that between “heavy” and “light:” toe former, 
intended to consist of such powerful men and hoxsos, that it 
shall be able to ride down all opposition, and to be so equipped 
os to be viotorions in onsets of oavolry against oavoliy; toe 
latter, intended to develop to too full all qualities of rapidity 
and prompt action. We have also what oxo known as “ me&xm ” 
cavalry, intended to do much the same work os the light, bnt 
to bo also a snpporting body for thorn in too shook of battle. 

Tho light oavaliy is espooially designed to fulfil all those 
duties of gathering information, watofaiug round toe outskirts 
of on army, foraging, striking short rapid blows against dis¬ 
organised troops, to which I have already alludod as of so mnoh 
importance, and which wore pqpnlariy attributed to the Prussian 
XThlons or lancers during toe reoent campaign. In Prussia, 
however, toe Uhlans are medium, not 14(ht cavalry, end for 
many of the duties of tl& kind tlt^ aro toe least fitted of all, 
except toe very heavy cavalry. During the late war it became 
important to throw as large bodies of cavalry as could be 
gathered together round toe advanoing armiea, and henoe as 
in open eonntry lonoers wore very offeotive, and little actual 
fighting was required, they, as well as Others, were pushed 
forward for in advance of the army. The lance has been rightly 
called the queen of cavalry weapons, for it is toe one vrhioh 
gives to toe horseman the fnlleit ploy in tooM lespeote in 
which ho haa odvontaiFe over the man on footi Ihi effect is 
produced by file actual forward daah of horse and horaemon; 
the very nature of the blow whioh it delivere pxotoots its 
holder. For toe horeemon, even tbe sword k moit effeotive 
when it ia nsed sa a rapier, not when it is raised efarike a 
blow. ' For the rapieF thmsi gains farce from file horse's im- 
puhtios; file eword ont. gains nothing from that otnaei'and in 
toe delivery lays open toe awordsmsa i henee file edyantai^ 
of a weapon vtoleb, depending solely on its fimsb has for it 
too longest posstble ratoh. The IsAob is, however, far more 
valimble for large bodies of hotaesmn aiating togetoer, toon for 
mete scattered advanced partiea; It ia awkward ead .fatjigning 
for very light work. these pmpoBee toe huesax li the 

prihoa ^ horsemen: Tbe azmaatent of hnasore wito .ss is the 
sword and breetoJeading carbine, wito.no defonid^-Jloboiiz. 
The Isneer has sword and pietifi 1ksWsi]liklane^,sfit^ rto d^ 
fonfiyem^buisB, 

Bshwhetoerior oatooet^tgtyv-tiiaiiisglosweif^^ 

Si«i^ .aii anoy, and' oeBtoi^' .|sfCMBnfisrr-^..l^/Su^lbttle- 
ffdd, Ui^ dsraiiy of whutseswlriad MgSlw to<<1w sewntad. 
Bxpednoe in the past hsfe been tnliiy oonoboxated by recent evi- 
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denoe, m to the &iot tbat tlie support wliioh thfiy teqnire is of 
two wtinot kinds. For battle fighting, where oarahy attack 
will be met by mvalry. oonntor-at^k, best of all support 
b that fnmished by powei^ul ouirassed regiments, equipped 
with armour genuin^ defeneave against oa^tdry weapons, who 
by sheer weight and impetas, as has been proved again and 
again, can, if properly handled, be almoat certain to ri^ down 
the bMt of light horsemen. The light harseinen may catch them 
at a fault; but when the two fairly meet, the lightly equipped 
soldier speoisJly prepared for other work has hardly a chance 
against his .powerful and well-proteoted enemy. On the other 
hand, these cniraased regiments require to be kept in rosorve 
speoially for these duties; to employ them in the harrying light 
work of a campaign is to destroy them. For this purpose another 
kind of support requires to be famished. The name “ dragoon ** 
has become a most indofinito one with ns, implying little else 
than a heavy cavalry soldier. In its origin, in its earlier use, as 
understood by Napoleon and during the American War of Inde¬ 
pendence, it had a very different meaning. The latest experience 
of the war of 1870 oouvinoed all who passed through it that the 
old dragoon must bo revived. His essential obaraoter was that 
of a mounted rifleman: his pride to be so effective on foot that 
the enemy were certain to mistake him for the best of infantry 
soldiers, and to believe that the solid infantry of the army, and 
therefore the guns were arriving, so that it was time to abandon 
any weakly held outpost. Bossel has recorded how often 
villogoB which otherwise would have been hotly oontestod for 
hours, have fallen at once before such trained dr^^xms, because 
of ihe false impression they created that greater force was at 
hand. But to gain this the dragoon must bo in all respects 
equipped and trained as an infantry soldier; taught to ride well, 
only that his transference from point to point maybe as rapid as 
possible. His drill must bo identical not with that of cavalry j 
but with that of infantry when he is on foot; every part of his 
equipment must tend to moke him put oonfidenoo not in tho 
force of his horse in a charge, but in tho efBoionoy of his weapon 
when he is dismonsM : snoh onght to bo the real ebaraoteristioB 
of this most invaluable of soldiers. We do not at present, ex¬ 
cept in tlio Hampshire Yeomanry, possess a specimen of him; 
his creation has boon invariably advised by aU who have oon- 
sidered the question how to bring the gain of time which tho 
horse offers into such combination with our aU-efiioient fire-arms 
as shall enable ns to seize positions by virtne of the horse’s 
rapidity, and to hold them by virtne of the power of the new 
arms. Tho diflionlty that has always stood in the way is the 
dread lost we shonld only create bad infantry and bad cavalry: 
we are sure to produce that rcsnlt as long as the only test 
we apply as to efficiency is that of parade. Dragoons will 
constantly tend moro and more to bo mere heavy oavaliy; but 
in propotiion as onr training in peace time booomes moro and 
more a stndy of analogous dntips in war, in that proportion 
will an appreciation of the importance of the mounted rifleman 
or dragoon be extended. Men will take a pride in belonging to 
a body whiob has more opportunitieB for dealing startling blows 
that tdl thronghont a whole campaign than, in proportion to 
numbers, any other part of an army whatever. During the 
fighting in the Le Mans campaign the Prussian cavsliy, to save 
the weary infantry, took duly,all round the .resting army. Many 
were the fights which ooontred in that enclosed Englond-liko 
ooontiy between the Prussian dismounted horsmnen and the 
Fkoncih levies; the result was that before long all become oon- 
vinoed that as snoh duties must often now fall to the lot of 
cavalry, it was essential to place in their hands a good far- 
reaoldag fire-arm. Hitherto the Pmssians had had a most 
legitimate fear lest if the fire-arm were made too good, idie 
oavaliy should begin to trust to it when mounted rather 
than to the impulse of the oharge. The result would in¬ 
evitably be that the horseman, using his fire-Sirm nndor 
. airoomstanoea of less advantage tl^ the foot-soldier, would be 
beaten in every enoonnter. But the days are past when we 
eonld afford to deprive onifelvea of an importut advantsgo, 
lest onr men shoifld moke a wrong use of it. We mnst meet 
the difficulty by superior training, not by defective armament. 
This, however, we shall have to oonsider later. At present it 
is tt^oient once mate to press the fast tiiat whatever fire-arms 
inmr be givw to eavslry, they sre essentially either for use on 
foot^ in eaoaptionsl iiistanoes for oavalry enoountera, or tor 
. isolued fangu^. Foe the assault of hi^n infantry and all 


snoh pnrposes the less tiiqy ore used tito better. The only dis- 
tinotion in our service omenqr the heavy oavaliy is, that the 
household oavalry are armed with onirass, steel helmot, aword« 
pistol, and breech-loading oarbines. tlhe “ Heavies " are armed 
with brass helmets, swords, and breeoh-loading carbines. The 
Soots Greys alone are equipped so as to look like mounted 
guardsmen. It may be s^ely predicted that one of the earliest 
results of '^e first war we are engaged in will be the oreation of 
a corps of mounted riflemen. IJidortanately, oreations of oorps 
during war time are not easy now-a-daya. 

EQTTIPMElITt ClOTHIIfO. 

Wo pass now to the oonsideiation of those other matters of 
equipment scarcely less necessary to be noted even than arma¬ 
ment itself. First of all, clothing; and, secondly, the few 
essentials which require to be oarried on tho peraems of tho 
foot-BoldieiB, and on the horses and carriages of the oavalry and 
artillory. < 

As to clothing: some means of distingnishiug between the 
civil population and those engaged in fighting was felt to bo 
needed as soon os war began to be oonduoted in a oivilised 
manner. The importance, for the soke of the civil popnlations 
tbemsolvea, of insisting .that none shall fight who do not wear 
the uniform of one of the onmea engaged, has been pointed out 
again snd again by those historians who have moat carefully 
I examined the question. Nevertheless, it almost always happens 
that during a period of war patriotic and personal excitement 
drives the peasantry of an invaded oonntry into acts of indi¬ 
vidual hostility against the enemy. The duty of the government 
of a country so invaded is to publish at once the olooroat possible 
information to the people of the invaded diatriots, telling them 
by what saorifiaos they can best aid the general effort to repel 
the invaders. The aid which true patriotism would offer is on 
entire submission to direotions so issued. The great difficulty 
usually lies in this, that the moss of a large x)opi^tion does not 
realise what an invasion is till tho hostile armies have shown 
thomselvos and committed acts asserting the right of the strong. 
Then fnrions wrath produces terrible aots, followed by more 
terrible reprisals. Hard as it may seem, it has been powerfully 
argued that the wisest and most humane oonrse, whore a whole 
population has not been able to fly before on enemy, ohd where 
the war is one between oivilised nations, is to leave none but 
women and children, tho aged and infirm, in the villages 
through which the invasion passes, and to sweep the whole 
virile population of those provinces into the sorvioo of the army. 
Thu population thus loft shonld offer no resistance whatever to 
tho enemy. No modem general dares to allow atrocities to be 
committed where no resistmoe has been offered. His diffiooltiee 
will be too seriunsly increased by any such conduct. But what 
ii^or him an inconvenience, is for the peasantry decimation, if 
not destruction; for, preach as we may, no army will allow 
itself to be quietly murdered off one by one by men whom it has 
had in its power, and has spared on '^e understanding that s» 
they do not wear the uniform which proclaims their hostility 
they will not, act overtly against it. 

^e PruBwans, economical as they ore, meet the diffioillty 
by h&ving hit mit e/ UTV^orm read/y, and his appointed place 
assigned to almost every man in the whole oonntry who is 
capable of actively aiding their own army in any capacity. It 
is no doubt not necessary for ns to take the precaatians wbiob 
are indispensable to nations unprotected by onr strip of blue 
water, bnt the illnstration is snffident to show how very impor¬ 
tant a national question uniform may become. To the army 
it is the outward sign of its nnity and of its common duty. If« 
therefore, the proposition from whibh I have started is true— 
that the question to be considered in each matter is how the 
spirit yon desire can best be developed—^it is scaroely possible 
to doubt that men should be taaght to have a great respeot for 
their uniform. 

As all things whinh are necessary and good in themselvea have 
a disagreeable part, so this U apt to present itself often to out¬ 
siders under a very nnpleasiag aspect. Foohsh meitoin every 
profession and oidling do not see the difference between a 
happy ooufidenoe that the work they have ofaoeen is for them 
the best of all work, and a oontempt for the work on which 
others are engaged. SWish man outside every pro¬ 
fession and eallliig mistake the pride wUoh th| boe|^ imu 
will ohvays ban in thiir own business for personal egotism 
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oonooit. Tito two noot stnoh on one anotheti $iitd 
Itaneo it Tory often bappena that it is regarded as a special 
s otbnce of the anny agunot the xiation, that men are taught 
to np their heads prondly, and to walk along “ as if erery- 
thing they saw belonged to t^m.” It is a uisfoTtnne that snoh 
mistakes as to the meaning of pride in a calling should be ma^ 
on both sides. It is, no donbt, anusfortnne that we ate not in 
the miileunium; when we are, it may be presumed that armies 
will cease to exist. But iu the meantime, those who wish to 
have an army effeotlTe must be content to endnre the sight of a 
certain amount of so-oalled “ military swagger.” If it is not 
accompanied by a certain special readiness to assist othen, 
and to fit into awkward positions, it may be safely assamed 
that the man is Ihe worse soldier on that aooonnt. To take a 
single instance, try whether those Life-Guardsmen who in front 
of tbeiloxse-Gnaids offices seem to be each taking up the space 
of three men os they pace up and down, are when you speak 
to them more or less ready than the olerks in the War Office 
to lend you all the aasiatanoe in their power for getting the 
information you require. 

It immediately follows from tills principle of cultiTating as 
far as possible soldier’s respect for his uniform, that his 
dress ^onld be snoh os wiU tend to make him take a pride in 
it. A man dressed in ssokloth and ashes may feel that his 
dress is exaotly the one that he ought to wear, bat it would be 
a oontradiotion in terms to say that he would take a pride in 
it; his object is to leom to take pride in nothing. I have 
of^ heard men say that yon ought to make soldiers’ clothing 
handsome, beoaose handsome uniform is the bait with which 
to oateh reomits. I do not think that is either a true or 
an honest way of looking at the matter. If it were a deceptive 
bait, I should say yon did yourself more harm than good, smoe 
it is more essential to an army than to any other body to be 
joined by those only who heartil^ wish to belong to it. More¬ 
over, as a matter of fact, those regiments which find it easiest 
to grt good reomits, tiiongb they are largely assisted by their 
uniform in doing so, are oertainly not those which are most 
gaudily dressed. The Bifle Brig^ade, for instance, is perhaps 
the most servicmbly dressed of lino regiments, but it is 
not the most showily got up. What I believe the fact to be is, 
that there is a cert^ contagiousness in any genuine feeling 
of pride in a good regiment; that that oontagiousness is the 
best possible agency for recruiting ; that the pride itself is to 
some extent foster^ by a liking for their own uniform among 
the men of a corps, sAeoted no doubt partly by what their 
oiviUsa hiends think of it. 

The other matters which oonoom the clothing of soldiers are 
chiefly snoh as common sonso would suggest; that it shall bo 
judioioualy modified aooording to the oUmato in which it is to be 
naed; that it shall be os convenient and as durable as it oafc be 
mode. There is only one point in which the conditions 'of a 
soldier’s work introduoe a matter of special importanoo; he 
should be able to oaity oertom changes of clothing with him if 
possible, and hence it is very advisable that his garments should 
be as ligiit as other conditions will permit. Prootioally this is 
a matter so difficult to reconcile with cheapness and other 
soquisitcB tiiat it may be said to be wholly ignored. 


OPTICAL INSTRUMENTS.—XXI. 

BT SAUVKI. BIOHLET, T.Q.S., ETC. 

AaTmeUL SOUfiCES OP LIGHT (oontlimsd). 

Wtuo Burner .—Solid paraffine, together with the 
rseently iatrodnoed “ozokerit,” is extensively used for tlie 
ma n u f acture rd oandles. For such porposo, the most purified 
samples possessing a high melting-point are those most suit¬ 
able, hardnas$ being the quality most essential for oandle- 
moldng. The omde sample, having the lowest melting-point, 
may be burnt in a snitafale orgaud lamp, if rednoed to a melted 
condition, and presents some advantages to those who objeot to 
the ch]|s nature and odour of parafibie oil and peizoleum, os 
par a ffi n e wax is olean to the touch and perfeotly odourless, 
while it bums with a ptme white light that is aliko intense and 
dense in the flame, and is free from danger, for, if spilt 

or overturned, it issmediatdy soudifles, end may then be peeled 
ct qnylh^ it eettkeon. The dmwfaaok to its nee ie that a 
Dt if. takes a long time to atilt is inoonvenimt. 


The lamp snittiile for bnming melted paraffine wax is shown in 
Fig. 90. It consists of a oylhidrioal reservoir, B, of stout brass, 

inohos high and 2| inohes diuneter, with a thick 'brass 
central air-tube, tiie stontnew of material being neoesaory to 
keep the mass of paraffine liquid when onoe thoroughly melted 
by tile heat conveyed from the flame through the metal-work 
to the centre of the reservoir. 

The wick is fitted to a littlo ring of brass, from whitii pro¬ 
jects a pin that mna in a serpentine groove out on tiie inner side 
of the air-tube, and drops into a slot out in a tube, w, placed 
outside the wiok oonoentrio with tiie air-tube. Frtm the top 
of this slotted tube a broad flange extends to the outer cylinder 
of the reaervoiT, by which the wick-tube is kept in place, and 
acts as a guide when it is rotated by a stoat pin, F, rivetki on 
the upper side of the guide-flange. By this pin the wiok con 
be wound down to the bottom oi the reservoir, and the wiok 
can then be ont oS even witii the top of the central wr-tnbe. 
Over the top of the cylinder a brass cap fits that oarries an 
oxygenating oone, K, and a acrew-gallery, a, that supports the 
ohi^ey, c. In this cap a bole is out that fits over the pin, p, 
so that when it is rotated on the cylinder by means of three 
ebony balls, B, fixed to its ciroamferenoe, it likewise rotates the 
flange connected with the wiek-tubo, and allows of the wiok 
being raised or depressed to the proper height for perfect 
oombnstion. If the height of the ohimney has been proiierly 
adjusted to this kind of lamp, a short bright flame slmuld bo 
obtained that is perfectly free from smoke; ahonld it smoke, a 
longer ohimney is required. Should the flame be thin, the 
ohimney is too long; if drawn in, the ohimney is too long or 
too mnoh oontraoted. In this arrangement the wiok is some¬ 
what disposed to ohar. It wonld bo a groat improvement if 
wicks oonld be made of asbestos. In spirit-lamps I have fonnd 
that a wiok may bo made of fine wire (platinum is preferable, 
though the most expensive) fitted very tight into the wiok- 
holder, when the spirit may be snoked to the sammit throogh 
the interspaces by capillary attraction; but such on arrange¬ 
ment is not suited for non-mobilo liquid, like vegetable oils or 
melted wax, that moreover tend to clog any snoh oontriranoe. 

The wax may be melted by cutting it into shieds before 
filling the reservoir, from which the wiok and other parts have 
been removed, and placing the lamp on the hob, or in an oven; 
but the better plan is to raise the lamp on the supporting-rod 
by the adjusting-tabe, T, and plaoing beneath the central air- 
tube a small flat oapp^ spirit-lamp. The adjusting-tube is 
attached to the reservoir by a block of wood, 8, that serves as 
a convenient handle when t|;e lamp is hot. The mirror, H, is 
arranged and adjusted on sliding tube, T, in the manner 
previously described. 

Aninicd Oil Lamps .—^Tho lamp most usually supplied with 
the ordinary phantasmagoria lantern of the shops is a fountain, 
argaud, witii a fiat reservoir, shown in Fig. 91, as in this ease 
the illnmiiiatittg material may be placed inside the body of the 
lantern with advantage, tlie oil being improved by warmth. 
The best illuminating material is good oamphotised sperm oO. 
Two ounces of camphor should be moistened with a little 
alcohol, then pounded in a mortar, and to the magma thus pro- 
dneed, a pint of oil added, and stirred till dissolved. The 
orgond burner must bo so connected with the rewrvoir timt the 
point of constant level is about inohes below the top of the 
wick. The chimney, c, somewhat coniool in shape, is fixed to 
the metal gallery, o, by a brass sorew-oap that overlaps a lip 
on the lower end of the chimney. The gallery also oarries the 
oii^cone, K, and in its external ring three slots ore out that drop 
over three i>ins terminating in ebony balls, B, B, that spring 
from the wick-regulator, b b. Th» wiok is placed perpen¬ 
dicularly on a brass “ wick-holder,” w, from which projects a 
pin that fits a slot, s, in the ” wick-adjustor,” B, and also a 
serpentine groove out on the inner side of the air-tube, jL, at 
the wiok-tube, t t. The wick-adjuster, b, is a tube that drops 
into the wiok-tube, T T, outside tiie witic, and_ from the top of 
this tube springs a flange perforated so as to interoept as littlo 
air as iioSBible &om passing to the cone, X, as shown in the 
lower section (Fig. 92). Oip the slot, s, in the adjuster, B, being 
placed opposite tiie upper end of the serpentine groove in the 
air-tube, a, the pin in the wiok-holder will fit intp both, and 
the braes wiok-liolder will than drop into place between the 
' two, but not in any other positiem. On rotating the. flange 
bwa right to Itit the wiok is wocksd to the b^tom of the^ 
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■wiok'tabe, T, in whioh position it must bo oarefnlly oat off 
eren witii top of tbe tnbe by a pair of sharp “ shield-aciB* 
Bors,” qwoially oonstmoted for trimming' lamps. On rotating 
the flange of tim adjuster from left to rig^t the 'wiok is raised, 
and irhen about one.eighth of an iiudi above 'the tube it is in 
the beat jporition for ^e brightest, smohe^s flame, when the 
gallery wiHi its air>oone and ohimney is fitted over the adinster. 


fi^g the lamp, when both oorks most be removed. After 
time ^ been allowed for the wiok to get thoroughly soalmd 
with oil, it should be lights^ allowed to bum for a few minutes, % 
then blown out and re-trimmed with that esaotitade that is 
esaentiBl to secure an even, smokeleBS, bright flame, and Ihis 
can be better acoomplished after 'the wiek has bem sUghitly 
charted. If the wiok be soaked in strong vinegar, and then 





Ihe <nl is oanied from the flat reservoir by the delivery .tube, 
V, whioh opens into tite wiok>tnbe. An oil>anp, o, for receiv¬ 
ing any ovorflow from the wide, eorewe on to the air^tube. A, 
its eentM being perforated atfa -to enoonrage a foee np.dmnght; 
tixe uppm mtiae of this cup^ is also perforated to adbnit 
air to 'Uie oentcal 'tube of the boner. A burette dl-oaa ie a 
neat and dean oontrivanoe tor filling lampe-^that is te eay, 
a can from the bottom of which epringe a narrow tube that 
is onrved into a long spout on a line just below the neok. 
One (ff a pint oapaeity may be need aa a store-bottle, in whidi 
, ease bo& neck and q>oat must be oorked till required for 


thoroughly dried before nee, it will not ebar eo readily. It 
need hardly be said that the metal-work must be kept clean, 
and lamp-glasses and refleoton thoroughly polished bdore use. 
The best refleotore ore made of suitable thin concave glaeses 
that have been silvered by Idebig’s or Petitjean's pr^tess, by 
a depodt of pure metaUio ^ver (not the ordinary merourisliBed 
tinfi^ silvering) on the' convex eide, protected by an eleotn^ 
deposit of oopper. Sndi reflectors are far more brilliant than 
the ordinary plated reflectors; they cannot tarnish, and only 
require wiphig with a aoft wash-leader to mike thegg ready for 
nee, inete^ of hairing to olean them wiih moistened rouge 
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worked over with the pad of the thamb, and polish with a 
leather buff. Baeh mirrors must bo guarded by a metal con* 
bave shield of a deeper onrve than the baok of the reflector, and 
bo perforated to admit air for the pnrpose of keeping it cool. 

Argand Qas Jhtmars.—Until recently “ Leslie’s burner ” 
bdd^re>eniinonoe for light-giving qnalitiea. This ooneistod of a 
Borles of small conical iron tnbes oonvorging from a brood con- 
neetiiig base in a conical form to a naicower eentre. The 
ohi^ney vras arranired wi& an air-oone,' so ea to canse an np- 
drai«ht between ^ sevend tttbM and upon the flame. The 
dra#ba^ to this farm of burner was the liability for the 
sm^ tabes to become ololned hy the oorroding action of the 
gaa 3he most ^lerfdat gsn argand at present attainable is the 
" London bnmee,” a recant patent. Xt is well known that if 
house-gae be paseed throngh the vaponr of benzole, as recom¬ 
mended by the late ffir. Uansfleld, who fall a victim to bis 
experlmentsi ihe (Utothiatlng poWw is gt^tly increased; bat 
tlio .London bomer gives a light vary nearly equal to naphtha- 
lised gas, tvUla the flame k short, cylindrical, steady, very 
bri^tand itfaite, but, nnleaa na|flt^1iud, lacking in density. 
This barnw;is Shown in seotion ia rig, 98. iv, the napthaUsor 
on whioh H k mounted, serves aa a etand; i being the intet- 
tap, siaid % the gas-regnlator, a very essmitial port of tUs 
buikt, tlgeagh whieh It passes by three emell carved tabes, 
T, T, tr, to the argand bomer, b, whieh k 'made of steatite, to 
render the ezit-hotes incorrodible, a being the eentral air-way. 
Ontetde-the'bomer k a thin white meW air-oone, x x, sop- 
ported by a gallery, a d, that aho oaeriee the glass chimney, o. 
The regnlatra oonsiak of a solid oonioal point that descends 
from the top of (he braos cap from which ihe three gas-tobea, 
T, T,i*, spring, which fits into a hollow oonioal tnbo, or conntor- 
fltting, ^t eorewB &p into the cap, so that the flow of gas can 
be antirhly cot off at admitted te ftdl extent, being, in faot, a 
oonioal atop-eooktiwt oan be regulated to the veriest nicety by 
rotatiBg Idle gsUary, O o, to tbs left <» to the right, the lower 
part hmtg fina]^ screwed to the naphffmlker, x, or directly on 
to a gaa-bnuAcaifor otlmr emtidy-p^. Thk regnlator xmist bo 
adioitod tiff "the fiaate forme a p^eotly bright cylinder abont 
1) inoMS h!gb,ior if allowed to flare up the chimney the best 
ressflt to not attained. Any etopncook attached to the ordinary 
gaa «B]^|i^ most bo turned full On as the regulator takes its 
plaoe, feta ttors moat be no cihedr on the supply externally. 
Tins baxneirto made in three sizes: the emalleet k snitable for 
mleloaoopto'lanips | tiie eeoond t prefer to the larger modri for 
magto-totitnm ytaikt as it gives admiser flame. The m^>hthe^Bor, 
H, is kioWB to essUon beneath. Iteonriets of ao^ndrioal box, 
to the Hd of wbtoh k aOldered in n spiral noil a’band of ztoo 
nes^ the depth of the box. 'ffiit •* beds *’ to a tiiiok felt pad 
laid on' the.boMnm,ahd termhatee to the eentre joat beneath 
the honow abdket on w^ddi the bomer k eorewed. Benzole k 
ponced to through thk opeotog till the feh pad is well saturated, 
BO ihto it may hasp ^ sgizal passage flUed with ' benzole 
vapour. Urn gas paaSes to by tap, i, ami to its oonrso to 
the eentral opmitog, b, beootnee impregnated with' the vapour, 
or, aa it is termed,"’! naphthslised." Another form “naihtha- 
Iker,” used fez photographto aeif^egistsrtog metsorologioal 
appataitaii, to abown to Fig. 94. Us amiigemiint for making 
fleayMs OTor a hmg omttse at bmue^ vapour within a Small 
oompaasto adf-evidmt. The gaa enurs at i, and passse out at 
y,'* ' to ffS.. the paisiaigea kith spOhge-cnttmgs, as 

dargsr satCaee from wl^ the va|)otot Oaa be given 
thk arraagement toay be si^iiported over a 
^tgMMthea^hym small gas-jet, so as to enzttfe the vapour 
'fa^j ft^W AurtotreoldwBaatotatanBifOmitontoetatw. 

J‘w'*wiwW''^JhWilsw ace very sarvioeiblq fOT nfleroebopio 
Ulo s s t sli j itolt, ew tocW lf if the ihto ed^ toitoad el the br<^ 
side, of the wiok be turned towards the mirror, when fine mark¬ 
ings are to be bronght out. ' 

A eeetion of one of Dietz’s flabwiok burners k ebowu in 
Fig- 95. At air k not .passed tbrongb the eentre of the flame, it 
k pm^eoted on to 'ihe flat wick by a dot cot in the large ait- 
oone thatiktaads 'above both wiok and the lower part of flame. 

MMWff B^dre-eattoii Off Bwnun are not much employed for 
ad^BMlfia pinposoa; bxt fheM to one tarn at bnr^, patented 
by Wwiwe e, toat I thinK niiglkt bi toodlfied in form and made 
aervtosa^ for miomeeaifle fltonfliii^an, ae it givee a amaTl bat 
raty tadgii |W of l^ht. A stolfl metal tube k otoeed at the 
iipger a^ l^tooed wlOi aCsto toltolle Itdtoi, ahd panfleedtoitfa 


ooarso lamp ootton. 'When the wiok k saturated with heavy 
hydro-carbon oil, the end of the metal tube is warmed with a 
spirit-flame for a few seoonds till the oil k vaporised and issues 
from the holes in the form of gas, when it i^iites. The tnbe 
is then placed in the reservoir of the lamp, and the. little jets 
continue to bum. Neither lamp-glass nor globe is necessary 
for this form of burner. , 

FUh-taU <md Bat’a-viing Bwmers .—These well-known forms 
of gas-tjets are useful where i^kae ehtomcys would prove to 
the wayj and where the eqtklly eompw^ liDW-ligbt;bamik 
wotild to t^krded a« too ekbocate. .flth-tu&'plaoed 
doto beliihd each -olher prodnoe an- intense ligfat.'.. To prevent 
flicker through floor-draughts, these jete may be placed widito 
a shallow thr^dded box with the front side eloeed with a ptotq 
of glass, air being admitted from beneath ty a series df/wdl- 
distributed holee bored to a blook of wood that serves to farm 
the base ef the arrangement. 

Uondlet.-—Sperm oandlea are employed as the etondatd of 
oomparkon wito other lights t thus vre say suoh a bnnier equals 
BO many standard oandles (six to the pound). Candles ore 
made with eii^e and doable wicks ipiplanted in tallow, “^alm,*' 
“ composite,” eteattoe, wax, spermaceti, parafEUie, osokerit, eto. 
A FaJ^er’e candle to its epring-tabe to keep the flame at a 
constant point ie a convenient arrangement for the travelltog 
mioroBcopiet, espeeklly if the tube bo fitted in on adjusting 
olamp that con be fixed to the edge of a table, to allow of the 
point of li(d>t being raked or depressed. Night-lights ore of 
great use to the travelling photographer, especially if made 
with paraffine Wax, as a nnmb^ can bo packed in a cylindrical 
pasteboard ease, that oan be placed inside a yellow obimney, 
the whole being enclosed in a tin guard-tube (os ehown in 
96 a), the lid of the ^nme serving as a cap for the light and a 
gallery tor the chimney when arranged for developing dry 
plates, eto., as shown in Fig. 96b. 

Other Saureee of Light .—In oonolnding the series of articles 
on *' Bonrees of light,” in which I havo endeavoured to dosoribe 
the best type of each class of illuminating apijoratos, it k only 
right to notioe some that I have hod no personal experienoe to, 
or may be<regarded as little known inventions s thns Ihere is 
the '‘BonrbouzC bomer,” which is thus described :— 

*• The Bourbouze lamp k the name of a new French invention, 
which gives, it k stated, as muUh light as the oxy-hydrogon or 
Drummoad lamp, bUt to very much less costly. The ‘com- 
bnstibto k eoal-gas intimately mixed with air. The mixture 
enteni'a tube, and then passes throngh a metallie plate pierced 
with a great number of small hotos, so that the gas k divided 
into an infinite number-of small jets. These play upon ,a tksue 
of ptottoUm'wfre, and it is not until tfao gas hiu passed through 
thk tkauB that it k lighted. Under the influeuee of the htitt 
prodUoed, the plattoum soon beoomes white hot, and it to thm 
nuposzibla to look at it vrith the naked eye. The gaseous mix- 
turn k toroed ttoongh the system by a ^ght preesuzejivabotiit 
one ottbio metre of gas k consumed per hour.” 

fltodlartoarnmgementtothe appamtaeof Ib.HoggiOi &6 a- 
hm«b, which to oenstrnoted is the foUowing mannerTwo 
tuhee are employed on the Bnneen lamp pztociple, one of whwi 
k of smallar dknwter than'the other, and the said smaller tube 
k placed within the hrger tnbe. One tabs k piaoed to omn- 
mnnioation with OOndenM gaa, (ir«ir,.or with boih, sutoi^. 
or sir behtg oompressed by a pump or other Suftabla appau^ito 
for oomprsestoflt at oosdensmg ear, or gas,, or 
gaaeons flaffT. Thk pump or sipparatos may be of lOr^a^ 
oottstruetion, said'utoT be work^ by hand, steanb-mc^pithto, 
power. The other taihe to jdatod to oomrnunihatiew i.'n^ 
'Ordinaiy amhgementstor the snj^ ol 'aimo^t^ ato,to 
thereto. The gaa or the ato, <ff both,.maybe'eiigiiiihS&:f|^^ 
determined presenre, or it or they may be condensed or oom- 
preseed (before reaching the tube or tubes) to a pump or appa¬ 
ratus for the purpose of ordinary oonstmetion. 'The mixture of 
gaa and ur k passed through a perforated plate of pltUdna or 
other suHabie material, or a tissus^of ptotina wire g»ue, or. 
other snitable wks gauze, by whieh it k divided into numerous 
email jets. The mktore of gas end air k obtained ihua—that 
k to say, one of those agents k oonduoted throngh the smallat 
tube and dkohsrgOd thrmigh toe opeuing toeseof into toe torger 
tube, into yrhieh also toe other agent k admitted. The tubes 
tottsastasaaortat blow-ptos- TheaHrifonaorgasaenauto- 
tons pataM Ihrmvb ths Imgsr tidtoto • ptooeor snitaoe of Jtaa 
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platina, Fiensed plate, or wire g^anze, or woven platina wire, 
or other suitable metal, may be Babstitoted for the platina. The 
minate jets pass through the interstioea of the platina or other 
material, and are ignited. The metal soon becomes inoandoBoent, 
the supply of air being duly regulated, combustion is mode 
perfSet, flame disappeara, and the platina or metal becomes a 
Buriaoe of intense light. Sometimes, instead of using a mixture 
of gas and air, oomprossed or condensed gas by itself and air 
at ^e ordinary pressure are used. Sometimes the gas and air 
may be heatod before burning, to obtain a maximum effect.” 

in arrangement wherein atmospheric air under pressure is 
driven through a small tube coiled into a spiral and heated by 
a lamp, posses out at a blow>pipe nozzle through a spirit or 
house-gas flame on to a lime-ball in the manner of the oxy- 
ealoinm jet. Such an arrangement, if offociivo, would bo ooo- 
nomioal, and save the trouble of making oxygon, while the 
size of ibe reservoir would be greatly roduood. I hear this 
spoken of promisingly, but aa yet I foar it can only be re¬ 
garded as an undeveloped source of light. 


TECHNICAL DRAWING.—LXX. 

BBAWINO FOE BEICKLATEBS (cmUinued). 

bOMMON DOUBLE FLEMISH BOND. 

Double Flemish bond implies that this bond appears on both 
sides trf a wall. In donblo Flemisli bond it is the custom in 
some parts to use alternato stintching courses on both sides of 
the wall—that is, courses in which false headers or bats are 
oombinod with stretchers. Thus two rows of fissures or un¬ 



broken joints, each 9 inches in loiigtb, and at intervals of 4 
inohes apart, are prodnoed, one near the face and the other 
near tho back of the wall, each being at the distance of half a 
btiok from the adjacent surface of the wall. 

Fig. 580 is the plan of one course of a portion of a two- 
briok wall, built according to double.Flemish bond. 

“ Henoe,” says Sir Charles Posloy, “ on comparing those two 
arrangements, it wiU be evident that both sides of a wall aro 
weak in a common doable Flemish bond, whilst in the common 
siiigle ’Flemish bond one side of the wall only is defective. Tho 
common doable Flemish bond is tlierefore a very imperfeot 
arrangement, wbioh never ought to be need at all, and, to the 
best ^ my knowledge, is never used in tho ’walls of a building 
by any skUfal brioklayer. On oomparing together the various 
Unds of briokwork, it appears to me that the common English 
bond is by far the simplost and strongest, and -that it ought 
’therefore to be al-ways used in proforonce to Flemish, bond, 
wbkih is Bure to leave one side of tho wall 'weak, and to a oer- 
tain degree liable to split by longitudinal fracture.” 

Engl^ bond is not only muob stronger in itself than Flemish 
Ixmd, but it has 'the great ad'vantage, which the other does not 
posaesB^ of being able to alternate oeoasionally in a snbstantial 
manner with one or more diagonal oonrses of briokwork in walls 
of two bru^ in thioknoss and upwards. This useful arrange¬ 
ment we will now prooeed to expl^. 

DIAeOHAL BOHD. 

In Idiiok walls, but more especially in fonsdationg, a third kind 
of bond, called diagonal bond, is sometimes nsed. This oon- 
cdsts in laying certain of the oourses of brioks at right angles 
to each other, and oblique to the surface of the wall,'with ’whieflt 
they f<«™ *t every part an ang^ of about 45" • 

In adopting this arrangement, intermixed with English bondj 
the diagonal brioks in those courses do not extend so far as the 

* Om fUagonal briok laid at an angle e( 45" 94' with the face of the 
wiH ooeuples the apaoe at one header in the thleknen. The biiek* 
Jaysegnds‘the proper angle by trial. The angle <d 45" Is tharelore only 

ajinmliMti. sill Is lim nnl Tr-'-ff— '~r 


face or back of the wall, where a line of common beading or 
stretohing brioks is laid in the usual manner: thus the wall, 
when finished, has all the appearance of common English bond. 

A two-briok wall is tho thinnest in whioh diagonal oourses 
oan be used combined with English bond, and in this case only 
ivith the stretching courses. Figs. 581, 582, and 683 represSht 
this arrangement, in wbioh are introduced, first, a heading course 
of common English bond (Fig. 581); secondly, a diagonal course 
between the stretchers (Fig. 582) -, after this, a second heading 
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course, and then another diagonal course between the second 
sot of strotchors (Fig. 583) at right angles to the formmr. 

Tlio triangular spacoB at the extremities of tho diagonal brioks 
between them and tho common headers or stretohers at the 
external surfooe of the wall must bo filled in with bats or frag> 
meuts cut to tho some form. 



Sometimes the bricklayer, instead of using bU fragments, will 
out the end of a whole briok obliquely, so as to meet the outer 
row V headers or stretohers, in which tho diagonal brioks are 
enclosed. But this precantion seems scarcely nooessary if the 
in’terstioeB arising from the former method be well filled np 'with 
solid pieces, instead of being simply stuffed with mortar. 



Although Figs. 582 and 683 appear very simple, some liWe 
oare is neoessary in drawing them. It must bo borne iximisd 
'that the brioks, fhoogb plsi^ obliquely, are not aitered in their 
rectcmgular form —a foot whioh students often overlook. The 
following meUiod is therefore given. 

Having draw&l^tite j^azallel ^es representing the 'total thiok- 
.ness of the wall, and having drawn lines withhi them at ^ 
r taaoea equal to the Unaa of headers or stretidieta which are to 










368 


THB TECHNICAL EDUCATOB. 


Conn ibe fjooM of tiie wb 11> draw a Une at aay point, as a, at 
45* to tlw of the wall — viz,, A B (thia will, of oonrae, be done 

by meaiu of the eet-equaro of 45° worked against the T-sqnare); 
*' reverse the set-sqnare, and from A draw A d. l^o epaoe between 
tiieee two lines will then be the right a^lo dab. Now on a b 
set off A c equal to the length of a briok, and from a mark off 
on A D the width of a briok. From c and n draw lines parallel 
to A B and A D, which meeting in B will oomplete the rectangle 
representing the briok, the point K, if the work be oorrectly 
done, falling on the line bounding the space to contain the 
diagonal course. 

:^m B set off B7 equal to AC, and from t draw FC; from G 
draw O B, and in this way the work will proceed. 

The use of diagonal courses consists in producing a more 
powerful bond than the lap of a quarter brick only, which is all 
that the common EngiiA or 
Flemish bonds ore capable of 
yielding; and there is no pos¬ 
sible way of laying the diagonal 
bricks wrongly, for if they bo 
intermingled with common 
English bond, oocording to the 
rule given, one, two, three, or 
more whole bricks laid diago¬ 
nally will just fill up the core of 
the wall, in proportion to its 
thickness; and ell the suoces- 
sive courses of those bricks will 
break joint properly, whother 
in referenoe to each oiker, or to 
the common courses of i^glisb 
bond, above or below them. 

This may easily be proved by 
building a wall, as above de¬ 
scribed, with the model bricks. 

The student will observe that 
in thus combining the diagonal 
oonraes with English bond, the 
same effect will be produced by 
throwing in the courses of dia¬ 
gonal bond singly, instead of 
nsing two in succession. For 
example, after one course of 
EngUah bond, might come one 
diagonal course, then another 
oourse of Engliik bond, after 
which might follow the second 
course of diagonal bond. But 
whichever arrangement be 
adopted, the successive diagonal 
courses ought to be laid in con¬ 
trary directions. 

ZKagonSl courses laid os hero 
described are sometimes called 
“herring-bone bond.” This 
term is more correctly applied 
to the method by which the di¬ 
rection of the dia^nol bricks in 
the core ate reversed in the 
MUne course. Diagonal bond is 
further illustrated in “ Bnilding Construction ” (Vol. I., p. 172). 

FHBEHAITD DBAWING. 

example here given (Fig. 5S4) is a design for an om^ 
mental fiioor-tile. The entirc tile would be square. This 
portion, being half of tho whole, oonaiets of oonree of two 
squaraa, eaoh square representing a quarter of the tile, which 
thus oonrists of four repeats of the same ornamental form. 
Having drawn the two eqoarei, proceed to draw diagonals in 
•ash, corresponding with a b c d. Draw tho centre lobe of the 
onament, using AB as the centre liim. The ourves, turning in 
a eontianona direotkm, bend outward, and are kept balanoed 
by the line B r, paraUel to the diagonal c B. The rest of the 
fIgM will be easi^ followed from tho example, care being 
taken in the exact balancing of the rides. 

As it iS 'intended that the student should oomplete the tQe, 
he riumld draw the whole square at atsriing, and divide it into 
qnarMsij Ihe diagonals an tfasnto be drawnin eaeli of these 


smaller squares, and as any single part of the ornament has 
been sketched in one oomxiartment, it should be repeated in 
eaoh of the others respectively, nntil the whole is completed; by 
this means each line can be singly oompared wiik the others, 
and thus the balancing of the forms will be facilitated. 

When tiie whole outline has been carefully revised and “ lined 
in,” the design may be coloured: tho ground may be black and 
the ornament Venetian red; or the ground may Une and the 
ornament orange; or the ground may be crimson and the pat¬ 
tern green, or any such oombination, according to the taste of 
the student. It must, however, be remarked that, sinoe the 
floor-tile is intended to ornament a perfectly fiat surface, no 
attempt at shading mast be made, sinoe shading has the effect 
of causing tho form to appear to be raised, or to stand up from 
the surface; and it will oasUy be understood that anything ap¬ 
proaching raised ornamentation 
would bo out of place on a floor. 

The colours used for oolonr- 
ing this and similar designs are 
not the usual cakes supplied in 
colour-boxes—though, of course, 
those would answer tho purpose 
if others cannot bo obtained— 
but, owing to the transparency, 
of most cake colours, it is 
rather difficult to cover surfaces 
evenly; and in ibis example the 
epotty appearance thus ennsed 
is very disagreeable, whilst much 
time would be spent in “ stip¬ 
pling” up the work. 

Ibo colours boat adapted for 
this purpose are those called 
“ body-colours.’ ’ They are sold 
cither in powder, or in some 
cases, in Inmii, by the artists’ 
colourmen. These ore gronnd 
np, first with water, and then 
with the addition of a little gum 
arabio, white of an egg, or weak 
size. Very good body colours 
may be obtained under the name 
of “moist oolouTB,” in metal 
tubes, which arc found to answer 
the purpose very well. They 
are more expensive than the 
powder colours, but are more 
finely ground, and are mixed with 
gnm, or other medium, requiring 
only the addition of water to bo 
ready for use. 

liIEEAB DBAWING (confiniHd). 

BBICK ABCHXB. 

The general principles of 
arches having been elucidated 
in “ Bnilding Construction,” it 
will be rmneoessary here to re¬ 
peat the lesson. We will, there¬ 
fore, only remind the student of 
some tochnical terms nsed in relation to arches, sneh as the 
piers and abatments, which support them; also the span or width, 
and the rise or height of an oroh. The shembaelcs, or sides of the 
ring of brickwork, when toe arch does not spring from a hori¬ 
zontal plane; the haunches, or lower segments of each side, as 
distinguished from what common bricklayers call toe soheme 
part, or upper segment of the arch; the intrados, or whole 
interior, of the lower surface; the eefrados, or whole exterior, 
or upper suriaoe; toe eroum, or summit of an aroh; toe vous- 
soirs, or aroh-stonee; and toe hey, or ieystone, ^ 

The various kinds of arches-iaaob as steaight, segmental, 
stilted, (tothio, etc.—^have also been described in toe articles 
on “ Btdlffing Constmetion.” 

The arohes used in bnildinga of any importance are of two 
kinds—external and internal. 

The former are exeonted wito great care, and in an ornamental 
manner; the latter are done strongly, but rongbly, being after¬ 
wards eonceried from view by tos inride ftniabing of rooms, sto.^ 
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CIVIL ENGINEERING.—XVIII. 

4T a. a. BABKBOLOUW, C.*., X.8jl. , 

' UaHTHOtrSES (contiiuMd). 

Tsa name of Smeaton irill ever tie aeaooiated with the Eddy- 
stone. It i^on these veaithar-tieaten tooke, whioh had 
already borne two JighthonMe, one of whioh was destroyed by 
water and one by fire, that the great engineer was to erect the 
monnment which for nearly 120 yeaia has nobly withstood the 
boSetingBof theetements. 

It is worthy of note that at the time Smeaton was recom¬ 
mended by the then Fresi- 
dent'of the Soyal Society, 
the Esxl of Uaecdesfield, for 
the'task of rebnilding tiie 
Eddystone Ughthoose, he 
was not an engineer either 
by profession or ednoation. 

A- phUosophioal inatmment 
maker by trade, he oon- 
fesses that when he com- 
menoed his designB he was 
a total stranger to snoh 
htmotores. He had, how¬ 
ever, studied very oarefuUy 
the oharaoter of the two 
previous lighthouses; and 
whilst he was prepared to 
retain all the good points 
in them whioh presented 
themselves to his judgment, 
he ivas ready to bring his 
great genius and large stock 
of common sense to improve 
upon their weak points, and 
altogether abandon their 
faulty ones. 

What his views upon the 
matter were we shall best 
explain by quoting the drift 
of his own wor^. He says, 

“It appeared evident that 
bad it not been for the 
courses of moorstone (in 
Rndyerd’e struoture} inlaid 
with the frame of the build¬ 
ing, and acting like the bal¬ 
last of a ship, it would long 
ago have bera upset, not¬ 
withstanding all the 
branches of iron-work con¬ 
trived to retain it; and that 
in reality Ike viol^ vibra¬ 
tion whioh the late building 
was constantly subjeot to, 
had rendered its base or 
seat in some degree round¬ 
ing, like the rockers of a 
cradle. It seemed, therefore, 
a primary'point of import¬ 
ance to proioare, if possible, 
an ealo^ement of the base. 

It a^ seemed desirable to adhere strictly to the conical form, 
ori^least toa modidoation of the oonioslform.” He observes, 
in reference to the true eons, “ The necessary consequence would 
be, that tiie diameter of every part being proportionally increased 
by an enlargement of the base, the action of the sea would be 
g ra ate upon the bmlding in ^e same proportion; althengh as 
the Straiqit^ increases to proportion to the increased wei^t j 
of the materials, the total tkei^te strength to resist the ao^n 
of the aeia would be greater by a jmiportional enlargement of 
every part, hti teoutd n^gutre a gretUtr quantity cf maieriaU. 
On the other hand, if we could enhurge the base, and at the 
etune time rather dimtoirit than toereaee the rise <A the waiet 
sod upper worim, aa large amount at strength sad' stiflheas 
weald arito a laa^ base, aooompenied with a leu re- 
■ie to hw to 'fee aa^ .power, as if a ri mfl a r conieal %ore had 
heia-pressryedt whust gt the same tias a lett guanti% »/ 

TOb IQ. 


material wWd be employed.”. A atone edtooa having bean de¬ 
termined npon, the mgineer, following np tits mode of seaeon- 
tog stated, decided upon pvtog bie Mrooture the waist of a 
Isj^ sprea^g oak. He iiadeamodidto'Wood,liavtogaaniall* 
d^ee of tapering, and then fitted it to the ob^ne emrim of 
anotto blo^—^^euTface of the Hddystone being iloptog— 
and found that by arranging the several curves, they coula be 
fitBriy' united to form on efficient foundation. The mon e l having 
givm satisfaction, the works were ordered to bS' eommanoed 
forthwith. 

Before proceeding further with on account of the aoBStmethm 

of Smeaton's lighthmuo, we 
wish to direct toe attentian 
of our readers to the para¬ 
graphs we have italicised. 

It will be observed how 
careful the engineer was to 
avoid the unneoeseary em¬ 
ployment of material, and 
by what a happy train of 
reasoning he arrived at toe 
method ^ doing eo. VUeU 
would it he if, npon every 
oooasioii, the engineer suffl- 
oiently studied toe design 
he has to carry out, and the 
work he has to do, as that . 
just eo mnoh material ae is 
neoesBary should be em¬ 
ployed, and no more. It to 
an absolute fact that there 
are xuany engineering opera¬ 
tions which are aotnsUy 
weakened, by toe unneces¬ 
sary employment of ma^ 
rial. The work is burdened 
with weight, end toe mate¬ 
rial which adds to the weight . 
adds not toe least atom of 
strength to the design; ex¬ 
pense to unneoessaj^y in¬ 
curred, and often the design 
is rendered clumsy and un- 
eightly. We pniqKise refer¬ 
ring more psrticolarly to 
this important feature to 
engineering works, the nm- 
less employment of mate« 
rial, in a subsequent paper. 

'Havtog definitely derided 
npon the material to be em¬ 
ployed, and toe form to be- 
given to the lightoonse, 
Smeaton’s thonghte wese- 
next dixeoted to the best 
method for uniting his stonr 
blocks. He had, after ears- 
ful inqnixiM to the nevh- 
bonrhood, derid^ npon 
using moorstone for the 
basement and lower portion 
of toe bnildtog, and Port¬ 
land stone for the npper portion. Accordingly, he contracted for 
240 tons of the former, at 25s. per ton roughed ont, and 4d. per ^ 
foot snperfirial for working toe beds. Tbia price, however, did 
not toolnde toe cost of conveyanoe to toe rook, bnt only to the 
yard at Flymontb. The mooratone to taken ont of the quarry 
by splitting it with a number of wedges driven into notofam or 
groovra cut to toe surface about 4 inches apart, mote or less, 
according to toe sise and strravth of toe block. The boles 
ore sunk with the point of n pick. The mode of qaanyii^ toe 
Portland stone has oeen rilnded to in onr desoriptio%Of the 
Portland Breakwater. The manner of uniting toe blocks 
deserves careM attention. Jd first Smeaton'* tkongbts were 
directed to iron cramps, but after mature thought toU chm was 
rejected; thm the idea of dovetailing, as emplnyed to wood¬ 
work, ooouxred to him. Be had seen something of toe kind 
to a deseriptomby Bslidor of toe stone floor of toe fieat nnice 
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at' Oherbavrg, where the tails of the upright headers are oat 
into dovetails, fo« their inserlaon into the mass of rough moaonry 
below. <8eo Pig. 39.) 

'•Prom these beginnings,” ho says, “I-was readily led to 
MieVe, l^at if tiie blocks themselves were, both inside and out, 
alL formed into large dovetidla, they might be managed so 
w mutnally to look one another together, being primarily 
engrafted into the rook; and in the round and entire oourses 
above the top of the rook they might all proceed from, and 
be locked to, one large centre stone. It is obvious that this 
method of dovetailing, while the slope of tho rook was made 
good by cutting the steps formed by Mr. Bndyerd also 
into dovetails, it might bo said that the foundation-stones 
of every oonrse were engrafted into, or rather rooted into tho 
rook: which wonld not only keep all tho stones in one course 
together, but prevent tho oonrses thomselves, os one stone, 
from moving or sliding upon ouch other. Bnt after losing hold 
of 'the rook by getting above it, thon, thongh every stone dn 
the same oonrse would bo bonded in tho strongest manner with 
each other, and might bo considorod as a single stono, which 
'Would wei^ a oonsiderable number of tons, and would bo 
further retained to the* floor below by the oomont, so that, 
when oompleted, the sea would have no action upon it bnt edge¬ 
ways t' yet as a force, if sufficiently great, might move it, not- 
wi&standing its weight, and the small hold of tho eea upon 
it, and break tho oomont, before time hod given it that hard¬ 
ness which it might be ozpooted to acquire afterwards, I had 
formed more oxp^ients than one for fixing tho oonrses to one 
another, so as absolutely to prevent their shifting.” Such is 
Smeaton's description in his own words of tho method he 
proposed to adopt in uniting tho component pieces of his work, 
and the reason of his doing so. Wo shall see how well he 
oarried out his purpose. 

The mortar used was compounded of blue lias lime and 
pussolana in equal quantities, prepared by boating it up in a 
strong wooden buoket with a wooden postlo. The lime, in 
'quantities of a quarter of a pock at a time, was beaten first, 
and when formed with sea-water into a thin paste, the puz- 
zolona was gradually added whilst tho beating was oontiuned. 

The system of dovetailing determined upon, necessitated an 
Immense amount of labour upon each individual block, and tho 
aoonraoy required in fitting the pieoee together rendered it 
desirable to arrange each eourso in a oomplotod state, winch 
Ooidd then be taken to pieces for transport to tho rook. Appli- 
eation was mode to the Mayor of Plymouth to permit tho 
temporary use of one of the municipal buildings for the purpose 
of fitting the oonrses together, but it was refused -, and a shod 
■was hired for tho occasion. The greatest care was requisite 
to prevent any eonfntion in the relative position of tho stones. 
For this end, each stono was marked er numbered, and {ines 
were drawn across the middle of each tending to the ooiitre. 
The result of tbit prooantion was that no difficulty or delay 
ooouRod in bedding the stones into their position upon their 
arrival at the rook. We subjoin plans of a few of the courses, 
showing the method of jointing adop'ted. Fig. 40 reiiresonts 
the first course, which was oomposed wholly of hewn stone. 
It is the seventh from the bottom oonrse, whioh latter consisted 
only of four hewn stones, lying as it did at tho bottom of the 
slope of the reef. The stones inoroased gradnally in number 
'in each course from the bottom until the soventii was reached, 
OOBsli^ng of four, thirteen, twenty-five, twenty-three, twenty- 
■iz, and twenty-six stones each rospootively. As one stone 
or more of each of these six bottom courses were engrafted in 
dovetail recesses cut into the solid rook, there could bo no 
danger ■whatever arising from tho hdrisontal force of the eea 
anting'agsimt them; but the seventh oonrse rising entirely 
above the rook, a plan was adopted by the' engineer for 
produoing an artificial arrangement whioh should oause a 
similar offset. This plim was as follows:—In the centre of 
the sixth ooutse, and in eight regular positionB aro'und this 
mtre, holes win out in the stone 13 naohes square. The 
oentroitude was 13 intffiM deq;, and the remaining eight wore 
6 inches deep. Info these- i^e holes, blooln of hard marble 
f!rom the Plymouth rooka; 13 inches square, were tntrodneed, 
aid aeenrely fixed in thtik pontions mortar and wedges. 
Oemepondkig' holee to theia miihle bloeka were out in the 
of the sennlfc eoam, as shown hj*- the figures 
tn 1%. .i8 i and tim pra^dig anda of tfaa Uim wan in- 


trbdnoed in them, and were thua most immovably fixed againtt' 
any foioe acting horizontally. 

In %bi8 manner soventeem more oourses were oanied up, the 
whole being solid, 'with tiio exception of the winding staircase 
and entrance doorway, 'winoh commenced on 'the fonrteenth 
oonrse &om the bottom. A height of 27 feat above orffinoiy 
spring-tide high-water mark was thus attained, and at this 
pmnt the hollow at habitable portion of the building eom^ 
menoed. In Fig. 41 we give a plan of the twenty-fourth 
course, in which the dovetailing arrangement of ihe exterior 
stones is shown. This system was adopted at tins stage, be- 
canse -the building lacked tho benefit of the interior stones 'to 
tic 'the several oourses together. The diameter of the b'uQding 
immediately above tho rook is 25 feet, but at the oonrse shown 
in Fig. 41 it was reduced to 16 feet 8 inohes, the rooms beii^' 
12 feet 4 inches in diameter, and the walls 13 inches tfaiok. 
The walls were composed of single blocks of moorstone, sixteen 
in each course, cramped with iiron, and joggled at each joint. 
Tho joggles are of sawn marble 8 inches long, 4 inches broad, 
and 3 inches thiok. 

At the twenty-eighth course the vaulted floor forming the 
coiling to the upper store-room was introduced, and into this 
oonrse was laid the first circular iron chain, which -was lodged 
in a groove oat round tho middle of the npper surface of th^ 
stonea The necessity for this chain, shown in Fig. 42, whioh 
reproBonts the twenty-ninth oonrse, marked a A. in the seotion 
(Fig. 43), ‘will be apparent from -Uio natnrj of tite oonstruotion 
of 'the floor resting npon this and the oonrse above. 

By referenoe to the seotion it wiU bo soon that each floor 
rests upon two courses, and although arohed it has not the 
benefit of sloping abutments to support it. Hod each floor 
consisted of a single stone, there would have been no outward 
thmst to provide against; but being made in pieoes, it hod the 
some tendency to thrust the enoompaasing walls outwards, as 
the component stones of on arch; olthongh, irrespootive of the 
encompassing chain, tho system of dovetailing which vras also 
introduced in the floors tended to mitigate tho evil of the lateral 
pressnre. 

Smoaton adopted the endless chain by a consideration of its 
value in the cupola of St. Paul’s Cathedral, where it had been 
introduced by Sir Christopher Wren. E^h of tho floors is 
encompassed by two endless chains, the bars or links of whioh 
are l|-inoh square, and -the grooves receiving them are 4 inches 
deep and wide. After each chain was laid in the groove 11 owt. 
of load was mn in. 

The height of tho main column containing forty-six courses is 
70 feet, and its diameter at the top 15 feet. The lantern is 
formed almost entirely of copper. It consists of sixteen frames, 
■with nine panes of glass in each. Tho lantern is 24 feet high, 
and the diameter 9 feet. The light was originally derived from 
a chandelier 6 feet 4 mohos in diameter, to contain sixteon 
candles; and a smaller one within and above it, 3 feet 4 inches 
in diameter, ti> contain eight candles. In 1807, however, 'the 
chandeliers were removed, and a reflootor-frame sabstitnted, 
fitted with organd bnmeis, and parabolic rofieotors formed of 
copper, covered vrith hi^xly polished silver. 

Smeaton oompleted this elegant and substantial building in 
rather loss than three and a quarter years. 

We shall present to our readers tho description of another 
lightitonse, as being on exceUont specimen of marine engineer¬ 
ing, the Bell Book Lighthouse, erected by Mr. Bob^ Stevenson. 
The Bell Book is situated in the German Ocean,- eleven miles 
S.W. from the Bedhead, in Forfarshire. The rook is a red 
sandstone, the enrfaoe being very rugged and fnll of cavities. 
The nortb-east end is the highest pc^on of the reef,' and is 
partisny left dry at low water of neap tides, bntfhe lower level 
is only visihlo at springs. The spring tides here rise and fill 
15 feet, and the neaps 9 feet. 

In 1806 an Act of Parliament vras passed to oonsfaraot a 
lighthouse upon this rook, and it 'was deeidsd by the Oom- 
ndieioBerB to adopt a design similar to the Eddystone. ' Owing, 
however, to the nearer ogiiieidenoe ok level between the 
Book the mean level of ^ sea, as compared the 
EUdyitone, the operations were greatly more dSffionlt at the 
onts^. TIm oommeneement of operations wda nsh^red in to 
mooring a vessel, 'fitted out ae about one and 

miles R.E, of (he Btil Bode, to he mnpleyed ae a Imdsr whig 
the first season’s qpecatioi^ to whkh the artifibw tstlrs^ 
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tm'mi or Tho latter fraotioii is but another method of 

delining one mile to an inch ; for 

Ttkc latio ol the map ; the true area :: 1 s €S,S<jO. * 

.; : 1 inch : 03,SCO inchoe. 

;: 1 inch : 1 mile. 

In either oane, tho Bcalo is actually drawn on tho map* a oon> 
veniont length being.taken which is divided into tho required 
number of parts, and if it be large enough, the le£t>hand tUviaion 
is further marked off into a certain number of small ones, to 
admit of more minute measurement. Thus if the prineipal 
divisioua show, lengths of ten miles, the first will eoatsiu ten 
equal and smaller portions, standard atlases general^ oon* 
tain two or three s^es for different purposes, aa, for example, 
those of geographical or Italian miles, of which there axe 60 to 
a degree; French kilometres of 111’307 to a degree; German 
of Buboslaw, in Aberdeenehiro, for tho outside easing of the ; geographical miles of 15 to a degree; and lastly, iho scale vdtioh 
first SO feet from the base, whilst sandstono for tho interior or I is appended to every English map, the statute mile of 69*16 to 
heartiug of tho solid portion, and for the upper portion of tho i a degree. 

building, was procured from Mylnefield quarry, near Dundee. I 'llio scale thou being detorroinod, the surrey can bo pro- 
Tho cornice and parapet wall of tho light-room were prepared I cecded with. Tho base-lino has to be measured, and oarofuUy 
at Edinburgh, and tho stones taken from Ciaigloith qnarry. A \ aligned, so that its length and position may bo marked on our 
piece of ground nt Arbroath was leased for a work-yard, and j skeleton map, as well as furnish one absolutely aecurato sidofor 
here materials were laid down, and workmen collected; sheds | the first triangle of tho ti'iaugnlation. For tbia purpose a 
also were constructod, and a barrook erected for tho aeoommo- : theodolite, of largo siso usually, is fixed at one extremity oi tho 
dation of about 100 artifioers. Operations were oommoneod at 1 base, and remains tlioro during tho whole of the operation, to 


whilst tho rockf^was covered with water. Tho distanoo of the 
neatest land from the rock being so great, and the sot of the 
tide BO strong, the advantage of a place of refuge at so short 
a dis^ce is obvious. The light-ship was moored in twenty- 
two fathoms of water, her moorings consisting of a mushroom 
anchor weighing ^ owt., and a hi^vy chain, to whiidi she was 
attaohed by a hempen cable 14 inches in ciroumferonce; and 
at these moorings she rode without ooeident for foiur years. 
Hie method of lighting this light-ship was pooniiar. The 
vessel had three masts, and each mast was fitted with a cylin¬ 
drical, lantern, the mast passing through its centre. Each 
lantern contained ten lamps, with as many silver-plated re- 
'fieotors, arranged around tho mast, so that on no side was tho 
light obscured. 

Early in 1807 stones were collected from tho granite quarries 


tho rock itself in August, 1807. 


MAP AND PLAN DRAWING.—II. 

By C. C. Kwo. 


{ prevent any lateral deviation from the straight lino daring tho 
' measurement. Itods are planted in tho gronnd at intervals of 
from a half to throe-quartorB of a mile, and tho inner edges of 
theso are oorcfnlly alignod by means of tiio telescope of tho 
instrument. Tho starting-point is marked by a block of stono 
carefully fixed and levelled, and having on its upper suifBoe a 
metal plate containing a minute point carofnily marked. 

Varions materials have been used for mcasiuoment, owing 
to tho absolnto necessity for exactitude, and the difficult 7 
of regulating or 'oalculatiiig the olterations mode by tho 
expansion of tho measuring bar at different times of tho year 
or oven a^i different tiraus in the some day. Thus steel 
chains, gloss, platinum, or deal rods made into rigid wands, 

« V V _ 1 •_!___J AT-- 


SCALES — COMPEN8ATINQ INBTKUMEMTT — TBlANatJLATION : 

BASE-LINE OF SUBVEY, ETC. — BUBVEYINO CHAIN— 

LKTELLINO—CONTOUEIHO—DELINEATION OF MADS AND 
I’LANB. 

So far, then, wo have only obtained a single definite point on the 

ootnal surface to bo surveyed, and the means of transferring it . _ . „ , . , _ 

relatively to the paper on whioh the projected meridians and | have been employed in various iiustunces, and the latter material 
arcs of latitude are drawn. Tho rosnlts of tho various steps j was used in tho re-examination of tho Hounslow H^th base, 
whioh have now to bo taken may either bo immediately ropro- j first determined by stool chains in 1784; but in using any of 
seated as they are taken, whioh would only ooonr in smaller tboso tho temperature has to bo noted as every chain is laid, 
,surveys or, when calcnlations and oorroctions have to ho entered | for the expansion of tho materials varies with the toropeiaturo, 

into, this may be deferred till the work is moro advanced. I - ’ “ - -* ^*---'*'■* 

XJltimatoly, however, tho representation must bo produood, and ' 


then the question of tho scale,to whioh tho map is to bo made 
bos to be considered. 

A scale is merely the relation that exists between any dimon- 
sion on tho true surface, 


and the same as repre¬ 
sented on tho map. Tho 
size ot tho map, thore- 
.fore, entirely depends 
on the Boale that is 



and there was at that time no arrangement for makiiig tho 
instrument itself correct its own inacuaraoics from this cause. 

A more perfect apparatus has boon devised for modem 
surveys, wliicli apijrooches as nearly as possible complete 
accuracy. It is a oompeusating instrument, tho oonstruotion of 
, which is based on tho 


Pig.V 






principle of the unequal 
expansion ot metaki. 
Two rods of iron, and 
brass, about ten feet 
long, are welded to- 


on HUV BvtMiD veaeww n A 1* XV * il 

seleeted, and this is again determined os a rule by the size of j gotheratlhoirccntros,nndlaqnercdBonatooq^Me the^nmco 

.• _xa. . __ V^ ^ - XV.. ! AIva vaenAAinna t\f t.nmruaiVfL'f.iim nT1 ^rlC^ni. bII61Z OZuITGIllIbiOf) 


the i»por on which the map is to bo drawn. Thus, if the 
extreme limits of the area are 1,000 miles laterally, and tho 
size of the paper is about a foot square, the soalo will have 
to be one of 1,000 miles to 10 inohes, suppose, or 100 miles to 
the inch; by which it is inferred that every inch on the map 
corresponds to 100 miles of true meosnromont, and that if there¬ 
fore the inch be divided into 100 equal parts, each one may be 
ocBsidered to show the relative vahia of one mile on our paper. 

. This is tho prinaix>le on whioh scaleB may be oonstruoted, and 
.pmotioally are eo on smaller sketches whore the . space avoUable 
for drawing is the chief consideration; but there are numerous 
scaleB' already propsxed for oonvenienoa' sake on the ivory or 
wooden protractors and “ scales " in every box of mathematical 
instraments to amt ordinary maps. Thus we uanally find tho 
inch divided into 20, 30, 35, 40, or 45 equal parts, representing 
eo nmay' different propoAions of miles, yards, or f^ to the 
inch, and numerous other subdivisions of the same unit, such os 
tw^ve'parts to the inch, uaefiil in a large scale where feet and 
inohea alone are the principal, dimensionB. In English maps 
tiie “nosle " is nsnally denoM u one of so many miles to l&e 
.fanh i Urns In the Ordwee Survey wu Undone mile to the inch; 
'hut in Continental maps it .is rep res e nted by a fraction, girhag 
-fito zntio of. tiie taxp to the ndtnal eMsip, M| tm enmpla, 


of 4be variations of tompernturo on ’thoni. At their extremitios 
are attaolied two tongnos ot iron, fixed at right angles to tho 
bars and projecting beyond thorn, and on their outer x>9rts e 
minute point of platinum is inserted. Tho action of tho ex¬ 
pansion is 08 follows:— X 

Let A B and a' b' <Fig. C) bo tho two rods united at c o', ni* let 
A P and B I*' bo tho metal tongnos. Now a' c' and A c are eqmd 
to ono onothor at a given temperature; but if the rods exp^ed 
to the points a' a and b' h the position of tlio points P and V 
are unaltered. For assume tho inoreaeo of temperature tf) be t, 
and the ooeffieient of expansion to be m; then 

AA = AO . m . f: 

aV = aV .!».<; 

Aa nt , . 

=! —,=c, a constant. 

A'a' m ’ 


- a. «a> AA 

Bat = 


pa' ' 


Hieretore as a constant. 


PA' 


That is, AP is independent of the temporafazre <; and even 
though expansion oocnis, the position of p, or*p' by similar 
reasoaing, remsiiis unoltersd. 
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THE TEOEKIOAL EDUGATOB. 


Tte iUtteiiM p p' >■ iL()()ttrt.tel 7 adjiutod ia iho ooBstructioxt of 
tlw ijutanUMBt. Theso rods are ^en plaoed is boxes for the 
mAs of piessmtion, tiie poiats or tosgws projeotisg beyond 
then, and Isix^ and telesoopio sights ate fixed to these enter 
oaaisp both to aligs the snooessiTe hats and level them. They 
are oafetally set np os small platforms resting on trestles, and 
ahgsed abd levelled by means of “email motion’’ screws. 
Uto of these instruments were used in the measnrement of the 
Mth base, and after being brought into the alignment another 
isstnunent was employed to oreroome the diffio^ty of bringing 
the points of any two bars in exaot eontaot or jnxtapoeition. 
A powerful double mierosoope, fitted in a compensating frame, 
of ■imilar ohamoter to that of the bars themselvea, was plaoed 
b^een two bars. S^iiit-levols were attached for adjustment 
and a telescope for alignment, and'the two lenses of the instm* 
meat, which were exactly six inches apart, were furnished with 
micrometrio screws, winch eikshled one of them to be focussed 
over tiie platinnm imint at the extremity of a bar. The micro¬ 
scopes b^g rigidly fixed to one another, so as to preserve their 


movement in a vertioal plane, for which purpose it rests in a 
support, provided with a vettiml graduated arc working on 
oarafully adjusted pointa, «id also partaking of a horisontal 
movement. Ibis is arximged by having the iq>per teloBOope 
frame referred to fixed on a metal disc, Iwying a vernier, which 
works smoothly and accurately on a lower one, which ia gra¬ 
duated on its circumference from xem to 860^, and ithich admits 
of being levelled by means of vertioal “ plate “ screws. Two 
spirit-levels at right angles to one another ate fixed forthie pnr> 
poee on the upper plate, which ie moreover bevelled or dham- 
fered on the edge to form a eloping euiface on which the 
angular measnremsi^ token can be the more eaaily read. 

The ttiaagnlation proceeds from the base-line in a eeries of 
gradually increaeing triangles, and these are repeatedly taken, 
their means oorefnlbr oalc^at^, and their rednotion to tiie true 
surface completed by mathematieol oaloulation. A very large 
theodolite is used for this portion of the survey, arid as the 
distances between the pointa ot the trianglee were freqaently 
very great, or, as in the case of the distance between London 


Fig. 7. 


relative distanoe, the point of 
the adjacent bar was brought 
beneatii the lens of the remain¬ 
ing mioroaoopo by means of the p. g 

small motion sorewa provided to * 

give the measuring rod a slight 

lateral motion. Thus five bars, * 

giving a length of fifty-two feet, —^-- 

were laid at one tame, end the 

late of progression was about ^g 

260 feet jwr day. In order to . _—_ 

transfer the extremity of the last _ ^ ..-*’****^^ 

measurement taken on eaoh ooca- 
aion to the ground, and enable 
the work to be carried on the 
following day, a mierosoope with 

a long focus was fixed mid-way _ 

between those above doeciibed, Fig. 7. 

and a block of etone protected y'U'\ 

by an iron cover, in wMch there \/ 

was a brass diso containing a E / /\ 

anuill silver plate, was securely / /' i 

embedded in tire earth, immo- ^ ' 

diatdy below the focus of the ! 

central mierosoope of the frame. \ /y 1 

Extreme bare was tsken lest this < m —.n , 

dundd be disturbed, and it was 

therefore oovered at night by a' ' 

wooden cover, and watch kept 'X i 

over it. 's 

Thns the base-line of the enr- 
vey is most oarofnlly determined, j 

and even if a suffioiont lenirth 
cannot be obtained by' actual 
measurement the leng&. can be 
extended, provided a ooneider- 

able line has been measured, by a system of triangnlation based 
on the portion already traced." The accompanying figure (Fig. 7) 
will explain this. The only thing to be notioed is that the points 
X, V, o, B, I, J, are clearly visible from the starting-point a, 
and are nearly at right angloi to the points n, z, n, wUdh have 
bsttt MMAilly noted and fixed during thtf measnrement. The 


E 


y\ 


Ht:- 

P'V. 


■V "X 


-- l'N 

I 


and Shooter's Hill, mnoh ob¬ 
scured by the smoke of the City, 

1_ _ an ingenious devioewas employed 

I W to enable these long sides of the 

E trianglee to be aeoertained. A 

j reflector is plaoed at one of the 

® j points, and constantly moved so 

—--• as to reflect a ray of light in the 

I known direction of ^e other 

I extremity of the line. ’The ob- 

I server there directing the tele- 

soope of the theod<^te in the 
direction of the reflector, moves 
C the instrument over a very small 

yy\\ fi®ld by moans of the “small 

/ j 'y motion ’’ sorews, until a ray of 

yO' I \ ■ light is reflected into it; the 

y [ \ telescope ia then allowed to re- 

I . \ main stationary until a second 

V I \ ray verifies the aoenraoy of the 

! \ preceding observation. Great 

V I distances have been readily fixed, 

\ j v and points forty-five miloB ax>ari: 

\ I \ have been thus determined. 

\l \ 'tyhentbe greater triangnlation 

— I . -i* completed, the minor points, 

/ <>lioBe of less importance, are 

/ 'i f united by a series of ainaller 

\ / triangles, until we oan finally 

/ I / mark down on the map the rela- 

I / tive position of all the prominent 

I / natural and artifioial features of 

, I / theaxea,thewhQ]eofwhibh,witii 

exception of the base-line, 
have bem fixed by matiieinati- 
H oaUy ooireoted trigowanetrical 

oaloulation. The remainder of the work is done by absolnte 
meaeurement with a ohain, the email theodolite being still used 
for ootteotion, and to determine the bearinga of the points witit 
regard to those of the greater triangles. 


and are nearly at right angloi to the points d, z, b, wfaidh have The snrv^ti»g chain ie a metal chain oompoaed of iron wire 
brib flueAilly noted and fixed during thtf measnrement. The links, one hundred in numbw, ocmnected by oval rings, the 
various parts of the triangles are thus determined, until fine^ extremities being terminated by ewivelssnd open haadlss. It ty 
^9 Hiaaspxed base a B is extendsd by oaloulation to the point divided into ten equal parts Iqr pieces of brass whidi are knssliy 
V (Fig. 7). attached to the ohidn, and which are divided at their outer ebda 

Bsfora tiw bass oan be oonudered oomplete it is reduced to into ae many pregeetiona aa will indioate the mimber of links at 


the borisonialplsiio, if there ate any irregnl^tiea in tbeenrfaee 
over whieh it has bm conveyed, and fli^Iy to the level of the 
aea. This is nsoessary in accurate work, as the arc aotnalty de- 

»-* ■* _ A1U_At_A __V w < w ' 


theao pointa from the ends of the chain. Lt n«t"g it it is 
oarsfully stretched straight, and the wodeman carrying the froBt 
end marks the point at which tim extremity resM by a sawll 


teratined is graatar tlM that which would be measured on tho inotal rodc^ UTOwof wlaohlso luMten. ftiid tbci'BOOoiid suTTC^Wa 

__A . - A AA a A. S« . — . ... W.* 


sorfeot of tiie isa, to wUrii aQ heights end dimensions are re¬ 
ferred, OBjMMonnt of the sphericity of the earth. 

Bavinf onnplsitBd the determination of the baee-line, the 


after advancing to the point and a 
with it, removes the arrow and oar 
main in bis band. This serves to 


his sndef the ohafai. 
ntfl the wheib ten r»> 
rihe mmber of tbnss 


more fwomiaent m most oentral and convenient pointa are fixed the ehahi has been naed in any meanrement, ae it would be at 
faf the greater triangalptiM ,^werfnl theo^tes are used any tiria indioated b^ the immber of arrows. OotteotioBa have 


f<« riris pnriKM, and car* is taken that the tria^les ere ae 
neetty egamtorri ae pofeUi|e»> so ae to avrid the inocemaaoy 


amply • 


ae wwdd iadnoe. The theodolite is 
OB A stead, sad ospaUs of receiviog 


to be asade for tempecatare and for elapiag gremnd, arid Butch 
skill is required, end beqnant adjuab^t m the chain to « 
standard mcaeure la eaasnUal to aoeaxato work. 

By these means the adtoleoftiieesea treated asa plariew* 





NOTABLB INVENTIONS AND INVENTOES. 


373 


ia, wiihont referanoe to its diffsrenbei of Isrel—^will 
bexBS]>ped. It now temainB, therefore, to find tiie Afferent 
eUatsdse of the TBrions elerated porttons, and to asoertain 
farther the position and oharaoter of different levels talten 
throoffhont the country, and whvdi eerre to detennine the shape 
of the physical features. The former are obtained by levelling, 
the laf^ by oontouring. 

Levelling means the methdd of ascertaining the altitudes of 
any points above the surface of ilie sea, which is called the 
datum level. ’ ’ In England the datum level is that of the mean 
tide at Liverpool. It is conducted by means of a theodolite, 
either by takbig the singles of elevation or depression from point 
to point, which necessitates much correction for the curvature 
of the earth and for refraction, or by the more correct and 
general method of using the instrument as a spirit-level. Otiier 
instruments, which, as their names denote, are merely telescopes 
capable of being accurately adjusted horizontally, such as the 
Y level and the “ dumpy level, ” are frequently employed for the 
same irarpoee. It is usual to start from one cd the “ bench 
marks,” that is, one of the points of the greater or lesser trian- 
gnlation which has boon carefully marked on a fixed stone or a 
building. A levelling rod, whioh is a telescopic bar made thns 
for portability, so as to obtain as long a rod as possible with but 
little inconvenience, and which ia graduated iu feet and inches, 
is placed perpendicularly on or oloso to this point a (Fig. 8), and 
the theodolite stationed iu some oonvenient position, n, is levelled, 
the telesoope directed on it. and the reading in feet and inches 
noted down. The rod being now removed to a position, c, higher 
up the slope, the reading is again taken without removing the 
theodolite, and the difference between the two observations 
manifestly shows the difference of level of the two stations fixed 
by the levelling staff. This, if oontinned, wQl asoertain the 
required altitudes, and is, roughly speaking, the principle of 
levelling, though there are many minor operations connected 
with it whioh serve to correct inaccuracies. 

Contours are only shown in maps of very large areas, when 
an orographic map ia alone required to show the relative 
heights of mountain chains. It would, unless a very largo scale 
ia used, tend to encumber the paper with too much detail; but 
as seotions ore frequently determined by it, and in some small 
surveys it is' often employed to portray oonveniently the shape of 
the physical features, it will bo necessary to examine brie^ the 
method of operation. If we imagine a lino to be traced round 
the coast of a country at its datum level on the sea, a continuous 
curved line, marking the form of %11 the features, will be produced. 
If again we assume the sea to rise to a certain height, and then 
for a similar line or contour to be made, and so on at regular 
intervale, a series of curves, finally becoming closed curves more 
or less conoentric, will be obtained, whioh will at each of these 
levels delineate completely all the hills and valleys, plateaus, 
and intrioaaieB of every portion of the country. Contouring 
consists in tracing out and depicting those lines, and is per¬ 
formed praoticaU/ by a levelling staff and small theodolite. 
The latter ie etationed at a point whence a view over a large 
area oan be embiacod, and the staif is placed at a certain point, 
tiio altitude of whioh has been asoertoined previously, and through 
whioh it is purposed to make the contour pass. The theodolite 
carefully levelled is directed on it, and tho reading in feet and 
inohes tadeen, after whioh the levelling staff is removed to a 
suooessivo series of pointe, at each of whioh it ia gradually 
sieved up or down the slope, until the wires in the telescope of 
the theodolite or level again out the same bright on the staff as 
they did at the first operation. Manifestly the points on whioh 
the staff rested are therefore on the same level, tmd are marked 
with email pickets. The positions of these are determined by 
tiie ohri", and by taking their relative bearings with tiie theo¬ 
dolite, and the small intervening spaoes are sketohed so as to 
oomplete the contoured line. 

tite entire delineation of the area, its features, its towns 
or village^, the direction at its roads, it the map be a topogra¬ 
phical one Uke the Okdnonoo Survey of the United Slngdom, 
have all hm determined, and by the use of the aoale oan be 
tnknafen:^ to our ^ ^ atiases but a small 

portion of titis informtion oau bo deUneated for want of spaoe, 
and the towns and oities and tiie rivar-linee, or mountain riimns, 
own ^y be gbnax. The amount iiffotmation timt oan be 
given by a large scale vrill be more fiilly referred tO' ia con- 
ridariag tiw ocoshniotion of a "plan;” bnt ia the maps of 


canntries such as France or Bosria, depioted on soales suitidile 
to ordinary atlases, there are bnt few notioeable points. « 

The sides of the map ahow the number of degrees in the 
parallris of latitude, for every five degrees genorally, tht arcs 
themselvea being designated by the nummala, and the anter- 
mediate spaces being subdivided into the number of degrees 
lying between eooh arc. The top and bottom of the map ahow 
in a similar manner the degrees of longitude, and thus by mark¬ 
ing the intersection of any of these eo-ordinates, the latitode and 
longitude of given points may be found, ffivers are marked by 
a eingle irregular line if smril, and by a doable line if large, on 
maps of great dimensions; while the oharaoter of the oities is 
shown by the letters by which thrir names are expressed. 
Thns oapitals or places of the first rank are marked in Bomon 
characters ; towns of tho second rank in smaller type, but still 
vertical letWing; while places of lees note are designated in 
small type with slanting or italic lettering: thns, BEBLDir, 
Smolensk, SaUsbury. 

The mountain ranges are represented by fine lines, neatly 
parallel at first, commencing at the summits of the hills, where 
they are usually dark, and extending approximately to the plains, 
where they become lighter and more divergent. These lines 
are called hatekure lines, and represent the course that would 
bo taken by rills of water triokling from the summits to the 
plain. They are invariably used in the larger aperies of maps, 
as they interfere but little with the general deamosa of toe 
representation. 


NOTABLE INVENTIONS AND INVENTOES. 

XZTin.—SIB ISAUBABD BBUKEL. 

BT JOHN TIMBS. 

The lives of the two Brunris, father and son, were for more 
than hrif a century strikingly identified with toe progress and 
the appHoation of meohanical and engineering science. 

The older Brunei, Isambard Mark, was bom in 1769, in 
Normandy, at Haoqueville, a few ndlos from Bonen. His 
parents, who were respectable agrionltnriata, had four children, 
of whom Isambard was the eldest. He was intended for toe 
priesthood, but from his earliest boyhood showed a decided 
inclination for mechanical pursuits; and when at the college of 
disora he would steal away to the village carpenter’s shop, and 
draw faces and plans, and learn to l^dlo mechanical tools; 
and it is related that one day, seeing a new tool in a cutler’s 
window, be pawned his hat to purchase it. He was next sent 
to the seminary of Nioaiae, at Bouen, where he preferred the 
study of exact .sciences, mathematics, mechanics, and naviga¬ 
tion, to tho classics. In his play-hours, he loved to watch the 
qday; and seeing some large iron castings landed from an 
i^glish ship, ho inquired whence they had been brought, and 
on being told from England, too boy oxolaimed, “ Ah, when I 
am a man, I will go and see the country where such grand 
machines are made.” On his return home, though only twrive 
years of ago, ho was already a proficient in turning, in toe con- 
stniotion of modols-Vehips, machines, and mnsioal instruments 
—and is stated to have invented a nightcap-making machine, 
whioh is stiQ used by tho peasantry in that part of Normandy. 
He also made an octant, guided by the one belonging to his 
tutor, and by a treatise on navigation; and at toe age of fifteen 
he took such interest in astronomy as to observe the stars, 
greatly to toe astonishment of the viUagers. All this precocity 
was little gratifying to his father, who would have prrierred ta 
see his son in toe church or in some merchant’s office. 

Brunei next passed some time in toe family of M. Carpentier, 
a friend of his father, at Bonen, and went through a regular 
course of lessons in drawing, perspective, and hydrography. 
Influenced, probably, by M. Carpentier, who had been a trading 
captain, Brunei enlisted as a eaUor in 1786, from whioh date up 
to 1793 he made several voyages to toe West Indies. He was 
remarked for the skiU, int^genoe, and good humtiur with 
whioh he ditoharged a seaman’s duties. He used instruments 
of his own eonstmotion, and while making a pianoforte, when toe 
ship cnee lay at Qnadalonpe, he also made for himsrif a quad¬ 
rant in ebony. EQs ship having been paid off in 1793, Brunei 
went to Enris, when he got embrbiled to the fury gf th« Bevo- 
Intion; bnt ha escaped to !^aen, and thenoe fled to the Unit ed 
States. At New York he joined a party of his oonnttyiMa 
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'wbo were oWit to oxploro tlio RhoreB of Lake Outwio to Borrey 
tlr3 land* of a IVenoh oompany. Brunei led the patty of seven 
persona enwmped in the woods, and fooud a ebam in the 
adventttrona work. In 1794 ho was appointed, conjointly with 
one of Us feUow-cxplorors, to surrey the canal ttiiioh now 
oonneote Lake Champlain with the river Hudson at Albany. 
With this work Bruners coreor as on engineer may be said to 
hare began. Ho, next aent in a design for the Honsee of Con* 
greas, whicdi, though acknowledged as the beat, was rejected oa 
too costly and magn i fi c ent for simple republicans. He after* 
wards Roted professionally as an architect; and, among other 
works, built and fitted up tbo Park Theatre, New York, since 
bnmod down. He was appointed chief engineer for Now York, 
and was there employed in the erection of tho forts for the de¬ 
fence of the diy, and in tho establishment of an arsenal and 
foundry, where hia ingenious contrivances for boring cannon 
ond-mpving large masses of motal mth facility showed how 
successfully lie could bring new ideas to bear on tho work im¬ 
mediately in progresa 

Bmn«d left New York in January, 1799, and landed in Pal- 
month in March, whore ho mot Miss Sophia Kingdom, with 
whom ho bad become acquainted when in the family of his 
friend Carpontior at Bouon. This acquaintance, and a desire to 
work among tho soioutifio engineers of Europe, drew him to 
England. Ha married Miss Kingdom shortly after his arrival. 
He brought with him to England an antographio machine fur 
copying maps, drawings, and written doeumoiits; a mabhino for 
twisting cotton thread and forming it into bolls; and a maehino 
for trimmings and borders for muslins, lawns, and cambrics. 

In tihe Booonnts of Brnnel’s inventions, it is stated that the 
idea of making block pulleys for shixis by maebinery first 
ooourred to Brunei while he was in New York ; but the acoa- 
raoy of this statement is denied, as wo shall presently show. 
He was employed by Government to carry tho plan into oxoou- | 
tion in tho dockyard at Portsmouth. The oontrivanoo oom- 
prisos, so to speak, sixteen different moohines, all driven by tho 
eame steam-power, seven of which out and shape logs of elm 
or ash into the ahrils of blooks of any required size, while nine 
fashion stems of lignnm-vitm into pulleys or sheaves, and form 
the iron pin, which being iuserted, the block Is complete. Four 
men with thin machine turn out as many blooks os foui'soore 
did formerly, and at loss cost. Tho supply has never failed, even 
in time of war, though 1,500 blocks are required in the rigging of 
a single ship of the lino. This maehinery, erected by Mandslay 
in 1804at I^ntamoath, though very complex, in twoni^-fivo years 
required no repairs. It cost j£46,000, and the saving por annum 
in time of war has been .£25,000. A sooond sot of machinery 
was exeonted in 1807 for tho dockyard at Chatham. There ia 
also a set of magnificent models of this invention in tho poase^- 
sion of the Navy Board. The machines work in sacoosBion, io 
u to begin and finirii off a two-sheaved block, four inches in 
length, in the most perfect maimer. Tho entire details of this 
machinery would for ozoeod our limits; but tbo prineipsl ports 
of wUoh it is oompoaed are oleuily described in the first sup¬ 
plement to the Petiny Cyclt^mdia. , ^ 

As to the claim for the invention, when the models were 
exhibited at South Kensington in 1864, it led to the repetition 
fif tha statemont that the machinery was invented by Brunei, to 
whioh a oorrespondont of the Times replied:— 

** SSt Isambard Brnnel did not invent, nor did he over claim 
io hare invented, the block machinery which he had a share in 
putting tyi at Portemonth. The origh^ invention, or series of 
ig.vsntions, was by two men, father and son, eooh named Walter 
Taylor, nattves ctf Sonthamptou. 

•• Tho Ixiginning was ratW* more than a oentniy ago ” {this 
woa written in IM^, “ and was modo by tho father, who h^ 
been at sea, and had been practically impressed with tho in- 
ofiteienoy at tfaa Mocka in nso in his time. After a time they 
took out a patent for pert of their invontioxie, and eabseqnontly 
naeoond patent, ^esa irnd^dod frietion-whoele and furoulsr 
aam, boMi of vriiksh we owe to the Taylors. Dniing the oon- 
ttemuioe of thrir patents, ihey, under oontraot, supplied the 
Govemueat with bloaka tar tii* Navy, and for some years they 
wMathe oidy Uooks need in Gm Hoytd Navy. When, towards 
tlm doee at the laet oentoty, Gidr piitenta expired, they wished 
to diMri at«Xt#ttsion ef thW t bat, ito Government objeotedi 
and dadAWi f«r Betting ap the maehinery for themselves. 

' ^Ifir.'Wiritar T^rlot^ ilu eon, who wwe then making his falodcs 


at the Wood Mills, South Stoneham, near Sonthamptou, gene¬ 
rously offered to the Government every facility for the purpose, 
^e Government employed two dlevOT young men to set up the 
maehinery, one of whom was Mr. {afterwards Sir) Isambard 
Bmnol, and tl^e other lieutenant (aftmwards General) Bentham, 
B,£. With tho benefit of Mr. Tsylot's oxplanationa, these two 
young men examined his machinery, and than prooe^ed to set 
up maohinory on the eame principle at Portsmouth. 

“ Having tho resources of Government to bopk them, they 
improved tee details of the maohinory, using for it steam-power 
instead of water-power, by which Mr. Taylor’s miBs were 
worked; bat in every essential point tee block machinery at 
Portamonte ia tee invention of tee Messrs. Taylor. General 
Bontltam’s share in the improvements has boon forgotten a» 
much as tee Messrs. Taylor’s original invention. 

“Some years ago the spooifioations of the patents were 
printed in the Builder, and they will omiblo any one of a. me- 
ohanical tom of mind, who wishes to osoortain how far Messrs. 
Brunei and Bentham were indebted to tee Messrs. Taylor, to- 
do so easily. The originality of tee invention was more than 
onoo pnblioly claimed for tee Messrs. Taylor daring tho lifetime 
of Sir 1. Brunei, and tee claim was never contested by him or 
General Bontham, althongh General Bentham’s widow objocted 
teat too little erodit hod been assigned to her husband.’’ 

Mr. Brunei next built in Chatham dockyard tho steam saw¬ 
mill, snbseqnontly improved for catting venoors, by which double 
tee usual number could bo obtained. A popular writer sixty 
years since describes Brand’s workshops at Battersea, whora 
tee solemn action of a stoam-ongine of sixteon-horse, or eighty- 
men power, tnmod by means of bands four wheols fringed 
with fine sawsj two of oightoen feot in diameter, and two of 
nine foot. Here mahogany and rosewood wore sawed into 
vonoors tho sixteenth of an inch thick; the same power at 
once taming those ttomondons saws and drawing their work 
from thorn. A large sheet of veneer, nine or ton feet long by 
two foot broad, was thus separated in about ton minates, 
Tho large saws revolved sixty-five times in a minute; hence, 
IS X 3T4 X 65 gives 8,672 feet, or two-thirds of a milt, in a 
minute; whereas, if a sawyer gives thirty strokes of three feet 
in a minute, it is but ninety feot, or only tho fortieth port of 
tho steady force of Brunei’s saw. 

Brunei next invented a maehino for making seamless shoes 
for tho army, which, in regard to sabdivision of labour, re¬ 
sembled tee mannfactnre of pins. Every stop was eSeoted by 
maohineiy; while, as each operation was performed by ono 
hand, so each shoe passed through twenty-five hands, who com¬ 
pleted from tee bides as supplied by tee currier a hundred pairs 
of well-finished shoes per day. As each man iicrfonned but 
one step in tee process, which implied no knowledge of what 
was done by tease who went before or followed him, so tho 
persons employed were not shoemakers, but wounded Bcddienv 
who were able to loam them respective duties in a few hours. 


SHIP-BUILDING.—XIV. 

BY W. H. WHITK, 

FeUow of tee Boysl Soliool of Naval Architeotnio, and Uemboi of te» 
Institution of Naval Architeots. 

THE BEINS OF I&ON BHIF8 Icaruluded), 

Thz durability of an iron ship is practically governed by tluCb 
of tee ontsido plating, which Is tee port of the struotnre most 
liable to deterioration from the oxidising or corrosive action of 
tee sea-water outside, and of tee bilge-water within tee. ship. 
It will bo nnderstood that in making this statement wo exolnde 
tee wood-work of tee decks, inside planking, oto., which may 
be worn oat and xeplaoed many times daring tho period al 
servioe for which tee iron hull remains efficient, and no argu¬ 
ment win be needed to show tee importance of nsing every 
possible means to prevent diminution in tee thiokness ef 
skin-plateB. ^ 

Tho anti-oorrosive paint most" oonusonly used on tee ontei^ 
surface cf tee jtetos is red-lead, and this is found to answeif 
fairly when renewed at frequent intezvkls. Other psinte and 
compositiaos ace also employ^'moat of whieh are patented^ 
but it is doubtful whether any of them will over entire^ take 
tlm plaoe ei the eheiq|> zed-lW paint. This ie also lugs^. 
uaed.for the proteotion of the inside of the plajiaglfronttlte 
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mpper put ti the bilgra to the top-aides, where tbo wash of tho 
bil^'Water is not likely to reanh when the ship is rolling at 
seal Within these limits farther protection is required, and is 
snpplied by a think coating of cement or asphalte, fixed upon 
the plating, cement being preferred in most oasee. Experience 
baa shown that the corrosiTe action of the bilge-water—arising 
from the snbstanoes it holds in solution, which render it an 
active chemical agent, or from other oanses, such as galvanio 
action—^is most to be dreaded; and many inetanoes might be 
referred to in which the rivet-heads and the inner surfaces of 
the plating have been rapidly corroded when loft uncovered. 
Lloyd’s rules require all iron merchant ships to be protected 
below the bUges by cement or asphalte; and they also point 
ont the desirability of so arranging tho protecting material as 
to facilitate the drainage of the bilge-water to the suction-pipes 
of the pumps. The latter is an important practical matto, 
as the lodgment of bilge-water in any part of tho vessel should 
always be prevented. To allow tho bilge-water to flow readily 
to the pumps, holes or “water-courses” arc cut in the trans¬ 
verse framing, longitudinals, keelsons, etc., and the cement or 
asphalte is brought just up to the height of these holes. By 
those moans, when well applied, the corrosion and wasting of 
the plates are practically prevented, cases being on record where 
tho reduction in thickness has not exceeded one-sixteenth of an 
inch in fifteen or twenty years. 

Fonling cannot bo so well provontod ns corrosion, although 
very many sobemes for its prevention have been proposed and 
tri^. To give some idea of tho number of such schemes, it 
may bo stated that between 1861 and 1866 over a hundred 
patents for anti-fouling compositions were taken out, and 
during the same interval other compositions wore proposed, tlie 
preparation of which was kept secret. At present, after all 
these attempts, tho only means of keeping iron ships thoroughly 
clean is to dock them frequently, to clean or scrape oS the growth 
of marine plants ondr animals, and to rc-coat tho bottom with 
some composition. Fast merchant steamers, such as those of the 
Feninsuleff and Oriental Company, are docked and cleaned about 
once in every eix months, in order that no considerable loss of 
speed may bo caused by foulness. Ordinary merchant ships 
are docked and cleaned about once per annum, the bottoms 
being coated with red-lead and some protective composition. 
In the Boyal Navy it is customary to dock iron-built siiips at 
least once a year, and to ro-coat the bottoms; but tho troop-ships 
employed on active service arc docked more fre(]uontly. By 
this means any serious loss of speed can bo prevented, when 
the.necessary oooommodation is civailablo; but docks are not 
to be found in all penta to which merchant-ships proceed, or 
they may not be of sufficient size to receive the ships. And 
even when this difficulty does not oocur, there is the question 
of expense to be considered, one which is of no small importanoe. 
For example, on the Thames the cost of docking, cleaning, and 
te-ooating an iron ship 'of 1,000 tons gross register tonnage 
would probably be from ^60 to .£80, and for larger vosaols tbo 
expense would, of conrse, bo greater. In distant foreign ports the 
eharges would necessarily be higher; and it might so happen 
that the vessel had been so long afloat ns to render docMng 
a nooessity even under these oiroumstoncos. But ezperionoo 
proves that the truest economy is to be found in inonrriug tho 
expense of cleaning an iron ship’s bottom, rather than in allow¬ 
ing it to remain foul, and so greatly reduce tho speed. There 
are instanoea on reoord in which vessels have been so retarded 
by foulnosa as to lose one-third, or oven one-half their speed as 
compared with their performances with clean bottoms; and on 
a voyage like that from China or Australia, snoh a loss would 
far more than oonnterbalonoo tho expense of docking and 
eleaning, oouBiderable though it be. One indirect result of 
tills fact is found in tho rapid increase in docking aooommodation 
all over tho world ainoe iron ahips have been in use. Graving 
or do<^, floating dooka, l^dranlic lifta, hauling-up alipa, 
and other plana, have been devised for aSTording the accommo¬ 
dation reqa^ed, and there ia iiow eonaequei^y a greater ohanee 
of preventing ^n ahipa from becoming aorioualy foul even on 
diatant voyogea, 

Bepeated trials bf anti-fouling oompositions show that the 
beat of them cannot be oonaidered efficient after mure than an 
avatage of nine or twelve montha’ servioe. These oompositions, 
it ahwd be ndtioed, are diatinot from the onti-oorraaiTe pte- 
iPacvUma piavioDdy refened to, and are pat on upon the latter. 


In the merchant aervioo red-lead ia, oa we have said, tho anti¬ 
corrosive point most generally emplpyed, and it answers very 
wolL In the Boyol Navy, either this, or else Hay’s anti-oorro-* 
aive composition, is generally used beneath the anti-fooling pre¬ 
parations. To name the latter would be tedioha; to attempt 
to deaoiibe them would be a moat hopeless task. Bmo invontoia 
have baaed their sokemes upon the beli^ that the barnacles, 
and other marine animals which attooh themselves to the 
bottoms, should be poisoned by the anti-fooling oompositions; 
but these plans soarooly appear well-fonndod, seeing that anch 
animals arc said to snSer no iueonvenienco when snbjeoted to 
the action of the moat deadly poisons. Other inventors, deeply 
impressed with the advantages of copper sheathing as naod oa 
wood ships, have attempted to prevent fonling by using pre¬ 
parations containing copper in some form; but hero again 
failnre has taken plooe as regards the prevention of fouling, and 
tho iron hall has sometimes suffered corrosion in consequence of 
galvanio action resulting from tho use of tbo copper. Another 
class of proposals consists in the attachment of cement, or 
glass, or some other material not likely to have any injnrions 
effect upon tho iron, to tho ontor sorfuco of the plating; bnt 
these pUns have also been found wonting when tried. In short, 
without saying mure reepeoting tho characters of the proposed 
anti-fouling compositions, it may bo stated broadly that up to 
tho present time no snffioiout remedy has been found for this 
serious fault of iron ships. Whether a oompletoly sucoessfol 
anti-fouliiig preparation will yet be prodneed it is impossible 
to say; but if it should so happen, the inventor will undoubtedly 
confer a great benefit, and should reap a rich reward. 

A few remarks respecting the inside planking or plating 
wrought upon tho frames of iron ships must conolnde this 
paper. The general term “ceiling” ie applied to all tho in¬ 
ternal planking, which is commonly connected either to the 
reversod angle-irons by nut-and-scrow bolts, or nailod to pieces 
of wood (termed “ cants ”) secured to tho sides of the frame 
angle-irons. Between decks in many, but not oil coses, the 
ceiling planks ore worked with cluso-joints, and so form on 
inner lining. In mesohant shiiw it is ^so common to have the 
floors up to the height of tho upper part of the bilges oom- 
plotely lined, or “ ceiled ” over. From this height upwards iu 
the hold-space, the ceiling is sometimes close, and at others 
only partial, tbo latter arrangement being known as “ batten- 
and-spaoe ” ceiling. Half-round bars of iron are semetimes 
employed instead of wood planks when the batien-and-spaco 
plan is followed. In all these arrangements, however, tho main 
object is to form an inner skin of some kind in the hold, ui^on 
which the “ dunnage” or the cargo may rest, and to lessen tho 
probability of damage to tho skin-plating. There is no idea 
of adding stmctnral strength, nor is such an addition at all,< 
nocissary in a woll-boilt ship. Ouo prime consideration .to 
be ^orne in mind in fitting the ceiling is tho provision of 
means for readily removing the planks in order to oscurtaan 
tho condition of the skin-plates, and to renew tho protecting 
I materials upon them when necessary. Over tho where 

the cement is fitted sneh iusimction is espooially required; and 
it is » oommon practice to fit tho ceiling upon the floors of 
merohant ships in dc/taohed pieces, or “ hatches ” that eon be 
readily lifted. Bnt in other plaoos fooilities should be provided 
for making an inspeotion of the condition of tho hull; and in 
arraitging the stmoture of an iron ship an endeavour should bo 
made to render access easy to every part, for tho pnrpose of 
inspecting, cleaning, and painting. 

It is only proper to note in passing how great a contrast 
exists between the faoUitiea for thoroughly nsoortaining the'* 
oonditien of an iron ship, and the opportunities afforded for 
surveying wood ships, 't^en the ceiling is removed from an 
iron ship, and she is placed in a dry dock with a clear hold, 
both suriaces of the skin plates are fully exposed, and may bo 
reached by the survoyorj^ If corrosion has taken place in the 
plates, or in the frames, it can be readily discovered; if it is at 
all oonsidoiable, the thioknosa of the worn ports can be at onoc 
aseertained by driUing; and in ease of need4ihose par^ can be 
removed withont much difficulty, and now plates or bars fitted. 
The heads and points of the rivets are also open to observation, 
and so the sorveyor has complete means of aaoertaiiunff tho con¬ 
dition of tho various pieces and their fastenings, truing to 
t^ wood ship, a, very Cerent state of things is metwrith.* Sup¬ 
posing her to be dooked, and to have her htdd cleared, it is not 
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p^tibT^i \ij the fetrioteet examination of the Inaide and ootside 
to obtain a oOmplete knowledge of her real oondition* To do 
'tiiia ^i^laiika mnat be remored here and there; the planking 
Mid timbere most bo “bored” in many plaoea to aaoertain 
whether the wood remains sound; fastenings must be diiTen 
ohf ^ different parts, as their condition cannot be predicated 
bom the examination of the heads and points, because the 
middle parts of bolts often waste without any external sign 
of the decay; and many other defioea - must bo bad recourse to 
if the surrey is made thorough. Should repairs become neoes- 
saiy they are often most ^ffioult and expensive. A rotten 
timber, for instance, can only be replaoed with oonsiderable diffi¬ 
culty, and in doing the work it oftm happens that other defects 
not previously discovered come to light. In short, the actual 
sl»te of the iron ship can be ascertained with much less troublo 
than that of the wood ship, and any repaixa needed oan bo 
'effhoted with greater ease. These are oonsiderations which 
should have great weight in judging the relative merits of 
wood and iron ships, and they greatly influence the commercial 
success of the two classes of vessels, 

Beforanoe has already been made to the fact that many iron 
ships have inner water-tight ekins, forming double bottoms 
which add both to their strength and safety. The plating of 
these inner skins is sometimes worked on the in-and-ont plan 
(fllustrated by e. Fig. 34, page 305), and at others is fitted flush 
upon tire frames. Mr. Scott Bussell has adopted the former 
nwthod in the Great Eastern, and other vesiidB bdilt on his 
longitndizuil system; and an example of the latter will be 
found in the part section of on iron-clad ship shown by Fig. 23, 
page 224. ’VlHien the plating is flush, short edge-strips arc 
fitted between the oontinuons angle-irons, on the nnder-side of 
the plates, so that no liners are required. This method is 
found to answer very well in praotioe, and to make water-tight 
work. It need hardly be eaid tint the butts of the plates in 
the inner skins are earOCnUy shifted both with regard to each 
other, and with regard to the butts of the outside plating and 
longitudinal frames. Carelessness in this particular would 
ob^onsly lead to a considerable loss of strength, as compared 
with that attained when proper precantions are taken. In the 
Gorwnment service the diagonal shift of butts (Fig. 36, page 305) 
is nommoniy used for the inner bottom, and both edges and 
butts are single-riveted. This mode of fastening has also been 
adopted for the inner skins of ships built by Mr. Scott Bussell. 

In order to make tbe double bottoms thoroughly efficient as 
a means of preventing serious damage when the outer plating 
is penetrated, it is desirable to subdivide the space by numerous 
water-ti8^t*pattition8, and to supply water-tight tops. Both 
these neoessities are met in the iron-dads, and have been pre- 
Tiously iUnstrated. As a rule the double bottoms are made to 
extend up to a few feet above the water-line, and to end a 
deck, but this is not always done. 

Merchant ships are seldom built with double bottoms, but it 
is boooming very common to oonstmot tanks for water-ballast 
in some part of snoh vessels, and thus what is virtually a 
“partial double bottom” is often formed. Various plans are 
followed in building these tanks, but the feature obmmon to 
moat of them is the provision of a water-tight inner skin worked 
either npon the floors themsdves, or else upon longitudinal 
kedsons fitted upon the floors, this inner skin being by some 
means brought into water-tight connection with the outer 
plating of the bottem. With transverse framing it is not an 
easy matter to enanre this water-tight oonneotion, and to obtain 
it the frames m irako of tho tank are often out off near the 
atom of the bilge in order to admit a longitudinal plate-framn 
which shaB form tho side boundary of the tank. This frame 
has a^le-iroiis on both edges, and is riveted te botii skills, tho 
iSHlUriw g of the two joints being readily perfor m ed. Another 
plan oonMtte is soorisg the inner skin out between the trans- 
wene frames seaar the bflges, and rivet||Bg its edge to the out- 
dde platingbat this Inrolves oonsiderable diffionlty in seonring 
water-t^htness at the jtmotions of the inner plating and the 
*nie eoonomioid value of water-ballaet, howerer, is so 
ffonat as to override these questions of praoti(^ dfflcally and 
eipeuse. Ships so bn^ oan, bytiie admission of water into the 
taus when without cargo, tm brlWidit to the proper trim; and 
the wiitar oan be pumped wut Ipeedily when teqdied. Time 
ahd ffiooa^am thus saved te A imtf considerable exttet, and 
it# hovnm^er that dilp-bufliileM pteride thie sinqfle maana ot 


avoiding all necessity for using ruMile-bsllast, on tiie dd plan. 
'Hie use of water-bdlaat begaut we believe, in tiie iron, screw 
eoUiete trading from the T^ne, and it hae already been the 
Bonroe of enotmoua savings. Ji idup-lmilders were, hmrarer, 
to push ihdr reforms someithat further, adopting improved 
methods of framing, and oomplete double bottew, they Slight, 
without aaorifloing Any of these advantages, proves stronger 
and safer ships. _ 

SANITARY ENGIN¥®RIN4—XXI. 

HOUSE DBAIHhOE. 

Passiiia on from the subject of our last two papers, oloaets and 
traps— i.e., the meohanioal applianoes for what we may oall tbe 
internal sanitary engineering of a house as contrasted with the 
external—we now oome to the provisionB requisite for removing 
sewage and waste water of different desorixitions in the most 
efficient manner j and here we have to deal with many inoidental 
oiroumstanoes arising from locality, the facilities ot the neigh- 
bonrhood, and other different oanaea. The method of extend 
drainage for a town house, which has nothing to deal with but 
.its own water-supply and sewerage, and of a country mansion in 
a district whore no general sewage system existe, mnat neoes- 
sarily differ in detail, although some few broad greneral prineiples f 
will apply in eaoh ease. 

Thirty years ago no general system of ^drainage was in ex- 
istenoo, and oesspoola were in very constant and general use 
even in London, and to this day in many courts and back-ways 
they ore still in oxistenoe, though when disooverod by the sani¬ 
tary inspectors they are speedily done away with, and the modem 
system of pipe-drainage comp^sorily introduced, as required by 
the Sewers' Act. As a matter of antiquarian curiosity, it may 
be interesting to remark that in sinkiug for unnsuAlly deep 
foundations in the City and elsewhere, it sometimes happens 
that old oesspoola are opened of which the lining or walls (stein- 
ing is tho teohnioal name) was done with the hems of animals 
onrionaly bonded together, forming a receptaole for the solid 
soO, but allowing the liquid manure to sot^ and drain away 
into the surrounding ground; these are probably of very early 
date. 

In the time of the Bomans ohalk was used for a similar pur¬ 
pose built up dry in irregular lumps, and within tho last few 
months two cesspools were discovered in the excavation for the 
foundation of a new building on Ludgate Hill. The late prao¬ 
tioe was to use bricks laid dry without mortar in a similar 
way, and old disused oesspoola of this olaas are often turning up. 
In all urban distriote or metropolitan oentres the oesspool system 
has long been abandoned, and the general system of sewage 
bears the burden of all inhabited houses witl^ a given area; 
but in some suburban districts, and in all country sitnations 
where there is no adjacent river or brook to receive the sewage, 
or in point of fact to act as a sewer, the neoeasity of the case com¬ 
pels the adoption of the oesspool system, and of this, therefore, 
with the various modifioations and the neoessaiy hygienic details, 
we must give some aocount. To return, however, to our sub¬ 
ject proper—^tbe details of house drainage. Some years ago an 
idea was prevalent that pipes of three inches diameter of glazed 
stone-ware would be sufficient to convey the drainage of an 
ordinary dwelling-honse; but experience proved that, fhot^rh 
theoretii».lly large enough, the constant stoppages arising frm 
adventitions oanses—a rag, a piece of newepaper, a' padual 
accumulation of grease from kitchen waste—requir^ such con¬ 
stant attention that these small sizes of pipes have been long ago 
abandoned, and we may state that the sizes now pri^oally 
in use are six inches diameter for a small house, and nine or 
twelve inohss for a large house or a manrion. Wherethere is a 
general system of aeweraga, these pipes should be oonduotod to 
the common sewer in the street or rosA » muoh fall as possible 
behig obtained as is compatible with #e level of the ground or 
the nature of the situation. Two wohes in the Isngth ^ ten feet 
may be taken as aieabsolnte lUTtifinum, as in easesrwhere this 
fall is not obtainable it is better to adopt some independent 
mecbanioal met£od of dealing with the sewa^ or drainage. As 
an instance of the way in altidh exoepiional oases may nlse, we 
may mention the oaae of the Iste^on and 'Wteiminstef Bsadc in 
Lothbnry. On makmg some reoentaddltionta this biiilding,«nring 
to themro^tional natmeeof tim ground, A beg idtnate on we ettot 
line of the old WAIbrook, it Ate neoessacy thatihA groond teoidd* 
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*be ansvatod^o a depth ooBeidwably bdow any of the adjacent 
uwere ; there vae no influx of drainage proper, bat a ooniidmble 
anoont of rabeoil water to be dealt with; a email well or anmp 
was formed for ite reoeption, and it ie i^odioally removed by 
pnmping into an adjoining sewer. 

The giaced drain-pipes now nniveraally in nse are oompara- 
tiyely a modem invention. Into the detail of their mannfactnre 
we do not now 
propose to goi as 
that will form the 
■nbjeot of other 
aeries of papers in 
Thi TnosmciLi. 

EDtrcSTOn, but 
only to explain 
the preoaations 
to be adopted in 
their use, and the 
variona modifica¬ 
tion of oonstmo- 
tions of detail re¬ 
quired for efficient 
I honae-drainage. 

I There are va- 
riouB deaoriptions 
of pipes manu¬ 
factured from 
different mate¬ 
rials in different 
diatriots, all 
equally efficient, 
but each posaesa- 
ing some peculiar 
oharaoteriatios. 

In Staffordshire! 
they are burnt 
from a apeoioa of 
fire-olay, and aro 
dark in colour, 
similar in mate* 
rial to what 
ealled Stafford* 
shire brioks; in 
London they are 
bnmt from, clay 
obtained from va- 
rione parte of the 
country with a 
large admixture 
of broken pottery 
finely ground and 
sifted for the 
better kind of 
work; while in 
£ent, in the 
neighbourhood of 
Aylesford, the 
Qault day ie the 
prindpal ingre¬ 
dient, and a pipe 
of lightish oolonr 
and very tongh 
ooruistmioy is the 
result. The same 
patterns, how* 
ever, iqrply very 

mnob tl^nghoat, and it is with the detail of these that we 
have now to dcssL When first introdnoed ihsy were about 2 
Sfeet in length, the joint being made by a plain-B(^et, os shown 
in tire aHestdi above (Xlg. 36). 

It is evidsnt that wbm fong loigth of pipes are laid upon 
this system, the only method opening them for examination 
was to break one or mom of the pipes, and wffen the repur was 
made a patoh with tiles end cement was the resnlt, runnmgrisk 
.fiestof leaking, and then of an obatruotion of tiie inside of the 
p^M byihelaUng in of a portion of the material, or the running 
9(4 of ^ dMMmt while the joint was bmog made, which subse* 
• ffMptiy would harden into a permanent obstmotiim. To get 


over these difficulties various plans were introduced. Otm next 
sketch shows a method in wUoh the u^im lip, as we may oaU 
it, of the sooket is absent, wbich allows a single length to be xf* 
moved and another dropped into its place: this presents seme 
advantages (Fig. 37). 

Another method is to manufacture theibiin-pipe in two halvas 
longitudinally, the upper half removable, the lower half lemain- 

ing undisturbed 
wUle the drain is 
examined and 
cleared out. The 
eketoh (Fig. 38) 
shows the con* 
stmetion. 

Another more 
oompUoated but 
prol^ly mors 
effloient plan is 
shown bdow in 
Fig. 39, wfaioh 
also indieetee the 
exact method of 
laying the pipes 
and the introdus- 
tion of junctions. 

There are va¬ 
rious other inven¬ 
tions of similar 
character, but we 
have only in¬ 
stanced a suffi¬ 
cient number to 
show what facili¬ 
ties exist for 
ready aooess toa 
system of pipes 
for examination 
and cleaning. 

In the erection 
of new buildings 
it is not desirable 
that the drain- 
pipes should be 
laid when ihe 
work is first com¬ 
menced, for al- 
thougk ihe plan 
promises certain 
advantages ia 
keeping the base¬ 
ments dry during 
the progress eff 
the work, it is 
found in praotioe 
that the settle¬ 
ments which 
almost invariably' 
take place in now 
work very often 
break the pipes 
where they pass 
through or under 
the walla; the 
Bubsidenco ca 
sinking of the 
ground from va¬ 
rious eanses sometimes prodnoea the same resnlt. It is therefore 
I reoommended that the caroase of the bnilding should be first 
j completed, and that t%) oartying out of the draini^ should be 
I deferred until the latest period at which it will not interfere 
I with the floor-laying and finishing of the interior. 

I The jnnotione of pipea now claim our attention, add we give 
some illustrations of ^ “ jnnetiona,” as they are called, which 
are nmde ready burnt for that pnrpoae. 

Figs. 40,41 represent the jnnotion nnglo of a smaller pipe 
with a lar^t one at Afferent angles, and we have to call attem- 
tiem to the point tl^t the direction of the jnnotioil at ito angle 
■bonld always betita same as that of the fsU or current (ff the 
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licger pipe, M if tlua is not attended to, and tiie entry is made 
in the oontaay direotion, obitraotion yrill sooner or later result. 

J 7e Bhoir in F^fS- 42,43,44,45 four diSereat kinds of double juno* 
mie to vUob the aamo remarks apply. The ventilation of' these 
drains is a very important matter now onfy beginning to oooupy 
a leading share of pnbMo attention, as also the disiufeotion of 
the sewage gases arising ui them; but with these points we 
deal at length in a subsequent paper. One point now re¬ 
mains to be aUudod to—^the entj^ of the drains into the sewer, 
where a sewer is in ezistenoe ; this should always, if the levpl 
permits, be above what,we may call tiieoentralaiia, and for this 
reason, that if by aooident the sewer should bo flooded (and our 
late ozperionee of metropolitan main drainage shows that even 
now suoh an event is far from unoommon, especially, as may we 
say, in the Farringdon Street distriot), all the lower end of the 
house-drain is filled by the book pressure of £he water, and as 
long as the nfastmotion in the main-drain lasts becomes, as it has 
been oalled, an-elonguted cesspool; whereas if the cnlry is made 
well up towards the topmost level of the sewer, this diflioalty is 
very materially obviat^. 

£i many districts, metropolitan and otherwise, the sewers are 
waterlooked, aa it is called, for twelve hours at least out of the 
twenty-fonr, smd then some preoantiou like that indicated in 
Fig. M becomes most desirable—a stone-ware pipe provided at 
ita juBotion to the sewer with a galvanised iron flap which closes 
as the tide rises. This is called a tide-valve ; ib, opens the 
moment the tide falls at the slightest pressure of water from 
within; this prevents all back-water'flowing np into the sowers 
or basement of the house, while it allows a facile exit for all the 
daily requirements at proper times of the tide. 

11 ms for we have dealt with the technical detail of “ house 
drainage ” in loealitieB where a oomploto eystom of public sewers 
is in eziatenoe. We must now give some attention to localities 
wbete there ta no auoh provision, and whore, ‘therefore, the in- 
troduotionof a sump or oeaapool becomes an absolute necessity; 
and hen, taking the ease of a large mansion or asylum situated 
in an isolated part of the oountry, we have various elements to 
consider. Xh^ is (1) the surface water; (2) the subsoil water; 
(3) the ’water-supply well or otherwise; (4) the rainfall— 
VD^ouB at different times of the year; (5) the sewage proper 
from closets, kitchens, stables, and elsowbero. Xbo rain-water is 
sometimea separately dealt with and stored in a tank by itself. 
On sandy or graveUy sofls notin a low distriot, the subsoil and 
surface-water may be loft to take core of itself and make its way 
through the ground; but on heavy, lotr-lying clay londe this 
oannrt be done, and therefore proper provision must be made 
for ita diapoaal; and we may take this as a first axiom, that the 
oesspool, whatever its size—and for a large asylum it should be 
about aa large as the dining-room—ahonld be situated as tar away 
from the inhabited portion of the buildings as possible, a^ 
should be made water-tight, providing at the same time amfhe 
means of ventilation from its upper levels; if this is not done, 
the sewage gases will find their way up the pipes, and, if these 
are not efficiently veptilated, into the living-rooms, with the 
oertain rceult of general discomfort and unhealthincBS, and in 
bad oases even of typhoid fevsr. If there is an availablo ^ver- 
iflow, the waste sewage water may be advantageously distributed 
over the land; if not, meobanioid means must be adopted to 
empty the receptacle at stated tunes. 

fa porous or open soils it msy bo advisable to have the pipes 
pervions, so as to allow the drainage water to percolate away 
through the surround^ land; and where, as in shingly soils 
adjoining the ao^ the tide rises, no deleterions results will follow. 
Qfit fa retentire soils the result will bo the saturation riC (be 
soRounding ground with sewage matter. In every ease, how¬ 
ever,, looid oiMmmstanoesi must dictate the oourse to bo taken, 
and it u impossible to presoribe one uniform course for dvery 
Icoality, 

Before the present generation tbrae questions hardly qrose, as 
the ordfai^ method of honse-drainogo wls by the old-fashioned 
borteWrain, aa it was oalled, a simple tube of briiiwcwk in 
mortar afanuiomi sizes ifom » inches upwards, built round a 
wooden centre whioh the workmen removed forward from length 
to length as the drain WM built; i^e in some isolated dis- 
trioti.oomi^ rod pottery pipfa wore naed moatly wilbont 
■oAsta. fa these oases, tto ventilatioa was provided for almost 
pompl^ily natural oiroumstanoea—the orevioes existing 

fa otdfaaiy faMbroth, and the botirjoi^ts cf the pipes, aUov^ 


a free esoape for the sewer gases; while the larger size of the, 
drains, never lew than 9 facbes for house purposes, left a very 
consiwrable air-spaaa. Except, however, fa oases of ‘very rapid 
fall the amount of sewerage deposit fa these old-fa^ionod 
drains was always oonsideiable, and one important point to 
bo attended to oq entering upon a new piopwty was to have 
the drains opened aad cleaned out, a. disagreeable and some- 
times unhealthy process, wbiob, however, it was absolutely 
necessary to repoat at intervals of a few years. _ Where a 
modem system of pipe-drainage is jndiriouBly kid witb proper 
points of aeoesB, tbs drains, if not entirely aen-oleansing.asthey 
may generally be mode by ibe adoption of some of (be aystems 
of flnshing described in onr previous paper on “ Eoewomy of 
.Water-supply,” eon be cleaned out and k^t in a satisfactory 
state with oomparativoly little trouble or annoyance. 

Since public attention has been eo prominently direetedto the 
snbjoot, several new inventions have been introdnoed for the 
ventilation of house-drains, and of this subjeot we shall treat 
at Bome length in our next paper. 


CAPITAL AND LABOUR—I. 

ByJ.E. Teorold Boosss, M.h., Tocke Fiofessor of Economic ^ 
Science. '* 

THU SUBJECT IN OBNEEAI.. 

In the whole range of subjects with whioh political economy or 
social science baa to deal, none is nearly so important as tho 
relations which subsist between wbat are called capital and 
labour. At the present time the questions which arise on these 
relations ore in the highest degree vast, difficult, and menacing. 
Attempts have been made from time to time to oonstmot a 
society, within society, in which an experiment can bo mode, tor 
tho purpose of substituting a new organisation for that with 
which wo and our forefathers have boon fonuliar Since the 
earliest momorios of civilised society. Such expedients, known 
by tho general names of communism and socialism, have been 
advocated not only in Franco, Germany, and England, whore 
tho density of population, and tho oonsequont pressure of 
poverty, lead to tho ventilation of schemes for tho roounstruo- 
tion of society, but in the United States, whore there is 
abundant space for all kinds of industry, mid.where, in oonso- 
qnouce, those social problems whioh agitoto on old and fully 
peopled country do not yet, and will not for a long time, bo 
prominent enough to demand a solution. 

Latterly, however, the movepient has assumed proportions of 
far greater magnitude. Trade between nations, end the fooili- 
tioB of intercourse with which science has assisted trade, are 
making and will make the municipal bonndarios which separate 
nations more geographical o^preuiona, whioh are easily passed. 
Modem communities are getting ideas from each .other. A 
few years ago, the man who trarellod over Europe was a mere 
exception. A few years ago the ohief intercourse between 
nations were the diplomatic oommunioations whioh governments 
instituted and mamtained Now the habit of travel is beooming 
general. It is rapidly infloenofag the artisan alasBes. Boeisty, 
long immovable, is beginning to transfer itself from place to 
place. Nay, we are informed (hot labour bos on organisation 
throughout the oiviliaed world, whioh k n^idly being consoli¬ 
dated, whioh has its agents fa every great town, and whioh, 
under the niMue of the International Society, is powerful already, 
and is likety to become more so. In all thdke attempts, partial 
and generfi, to change the foundations of society, tiim is a 
struggle between capital and kbonr, between profit and wages, 
between the employer and the worlmen, between property and 
industry. I purpose in these-papers to attempt an explanation 
of those several social forces. ^ 

Ask any economist, and he will toll you that oapitel is the 
accumulation of past labonr, intended to move or assist kbonp, • 
and that it is either a transient or a permanent nssistanoe, the 
former requiring oonstant tenovatiofi, ibe latter being of an en- .. 
during ebaraoter. Ask hiitf wbat labonr is, and be tell you 

that it is the powOr which .fatelligenoe gives man ovo' the pt»- 
parties of matter and life, by whioh nmsoukr effort oan n^o 
matter pseful. It wifi be added that this power which (be 
labourer is abk to ezeneiae over afatter may be either the direct 
Mtion of the man, or may be fadBreotiy exhibited upon bertaiii 
faorganio and mipuifo poweisi fa otiiw woido, that e 



379 


,?kA.OTICAL APPLICATION OP THE PINE AETS. 


sun my be plying bis own mnscleg, or may be guiding’ animal 
power, or be using steam, wind, or any other natural motion 
wbioh man is able to control and direct for his own ends. In 
toohnioal language economists speak of fixed and oiroolating 
capital, of musclar and nervous labour. 

All the»e definitions and distinctions, however, are not funda¬ 
mental, but only denote tendencies under which tho same facts 
appear in different forms, or in wliioh one of the oiroamatanoeB 
wUoh accompanies the foot is exhibited in different degrees of 
itttensiiy. T^us tho labour of a manager is said to be nervous, 
'that of a workman muscular. But uuintel%ent effort is of no 
avail, even for the commonest acts, nor can Iho sharpest intelli¬ 
gence give effect to its thoughts, oxoept by means of musoular 
effort. No labour appears to be more characteristic of the 
brain than tho thoughts of a poet or masioian ore, but both 
these personages must at least oxerciBo tho mechanic^ function 
of writing or speaking. 

Again, it is true that capital is tho aoonmulaiion of past 
labour, embodiod or condensed in material objoots. With one 
eXoeptiou—viz., land av'ailablo for occupation or cultivation in 
donsely-pooplod countries—there is no object whatever, which 
moBsesses value, that has not obtained its 'value, by i^eoson that 
ilibonr has been expended on it. A sack of wheat, a hale of 
Cotton, a barrel of wine, a wedge of gold, a house, a spinning- 
machine, possess whatever value the market assigns -to them by 
reason that labour has boon expended on their production. It 
signifies nothing, from tliis pomt of view, whether tho article 
is movable or has been gifted with qualities wbioh cannot be 
. recovered or resumed in their original form. In every case, it 
is labour, and labour only, wltiob confers on theso objeota those 
properties which ooonomiata recognise and comment on. 

Unless we acknowledge this foot, wo shall find it impossible 
to disoem satisfactorily what ore tho relations of capital and 
labour, of the employer and tho workman. If we acknowledge 
them, we shall, though not without some trouble, discover the 
key to tlieso social questions, which, ns 1 have already stated, arc 
of such pressing and univorsa! interest. For wo shall disoem 
that the production of labour is just os much an investment of 
labour, and therefore just as much an exhibition of capital, as 
any of those objects are to which referenou has boon made 
above. A man who btings up oluldren, and renders them fit 
for 'those various forms of industry to which human capacity is 
fitted, is just as fully investing capital in them, as if he wore 
building houses, or ooiistruoting maohines, or cr>!1ootiug agricul¬ 
tural crops. It is only bounnso his domestic relations -to such 
children are the prominent foaturSs in their oonneotion with 
him, that 'the position in which the education of labour stands 
to the general energies of society is misapprehended or 
ignored. 

If we would see what is the siguificanoe of this prodnotion of 
Isbonr to the general woll-heiug of society, and observe how 
exactly it corresponds to any other investment of capital, we 
may consider sua hypothisis, which could not happily become ivn 
actual fact, but may be contemplated os on abstract possibility, 
and has been, 'unfortunately, verified at one epoch indie history 
of civilisation. ' We can imagine that tho transmission of that 
which an existing generation knows may be withheld from a 
growing generation, that tho additions which arc being made to 
tiie present stock of human knowledge or skill were arrested, 
^id 'that what is known is not communicated. Snob a state of 
things, it may he imagined, could occur suddenly. It has, as I 
have said, occurred gradu^Iy at one period in tho history of 
mankind, for Europe ii^ tiae tenth century of our era had lost 
nearly aE 'the arte,’’ and almost entirely 'the onlturo, which existed 
at 'the oommenoement ojf that era. The consequence of such a 
sudden oessation iu the function of communicating 'the know¬ 
ledge and skill of one generation to its successor, would be a 
rapid or gradual relapse into barbarism. Such a reverse would 
bS of isoomporably greater significance than any dipiinaticn in 
any other l^d of wealth, and, would bo follow^ by infinitely 
more, disasttons results. The main'teaanco and education of 
chSid^ it therefore a far more importimt investment of capital,, 
a^r inore lig^oant object of labour, than any otiier ooonmu- 
lation. It eemns not to ho so, only because under certain oir- 
omasliuioes there are more man to work thaO there is work for 
theifi'io dd. To some extent this oaonrs iti tho case of ottier 
thanmnlatioimt iw. there may be more wealth aooumulatod 
lihaii there ore ol^obts bn which such aocamfilation oak he 


advantageously employed. Quantities, however, of unemployed 
labour ^minish tlio portion of general wealth which labourers 
can individually appropriate; quantitioa iff unemployed wealth « 
in other objects inoroaso tho power by which labour can be 
called into activity. 

Capital, then, and labour available for industrial objoots, and 
wUoh is also in demand for indns'trial agencies, are only two 
forms of (he same fact; both are aocumnlations of labour. 
Thoro is no labourer who does not possess in himself an invest¬ 
ment of capital; 'there is no capitalist who does not represent 
on aotive iudusixy, if he be an employer of labour, and anperin- 
tends the labour which ho omploys. The struggle which arises 
from time to time between tho employer and the labourer, is a 
struggle between two forms of 'Uio same fact, between two forms 
of labour, eaoh of which is seeking 'to appropriate more of that 
common produce which is shared between the labourers on tho 
one hand and tho employers on the other.. In social science 
there is no struggle between diverse forces, rivalry existing only 
in similar forces. Hence if the fnnetion performed by the capi¬ 
talist and 'that fulfilled by the labourer are united in the same 
person, not only is the quarrel necessarily at on end, but the 
maxiniuffl of productiveness is attainable at tho minimum of cost 
or loss. In -^e course of ’these papers we shall see what are tlio 
phenomena of that state in whioh this harmony is effected. 
Until it is effected there is no means by whioh an adjudication 
can be made on these ri'v&l interests, exoept it be that of the 
barbarous expedient of strike and lock-out, or tho temporary 
Bottiement of arbitration. 

POSmOK OF THE QUESTION IN ENCH.AND. 

In foreign countries, especially in France and Germany, the 
relations of labour and capital have been debated from’that point 
of ■view whioh contemplates the rooonstmetion of society. Theso 
two countries have been the homes of those sociaUst or oom- 
rannist movements ’which aim at altering human life and action 
from its very foundations. These projects arc futile, tat civili¬ 
sation, imperfectly as it may have been realised, is a true gro'wth 
whioh cannot bo made different from what it has become by 
means of any external influence. It is true that the advocacy 
of these expedients has mode men restless, discontoutod, turbu¬ 
lent, and sometimes violent, but no success has over followed on 
the efforts whioh have been made after such fundamental 
changes. 

There is a reason, however, why those projects have been de¬ 
veloped in these conntrios. In both the unity of the nation has 
been effected only after groat toil, and by a government whioh 
has been almost despotic. Now, in snob a s^te of society, tho 
right of individual action or of combination is very sparingly 
accorded. Tho policy of a government in such a country tends 
alwiAs towards doing as much as it can, and of disoonnging in¬ 
dependent action on tho part of its subjects. The administration 
is centralised, as people say. Honco tiio people loom 'to depend 
on govemmont to give them a start, and refer to government, 
when they are at a loss or in a difficulty. Now it is only a step 
from this state of mind to that other in which government does 
not mqfoly regulate action, but takes upon itself tho bnsineaB of 
originating action. Under those oiroamstanaes a people begins 
to believe that government is a power whioh oau and ought 'to- 
confer great benefits on the people, whioh coi^ assist them in a 
thousand ways, which can finally not only oorrectwhat is wrong 
in 'the laws or customs of sooioty, but con do what is expedient, 
right, and charitable. But if the government can do so much 
good, why not, it is argued, undertake the development of that 
benevolent scheme which, in the dreams of some enthusiast, t 
will remove all that is s'vil from the world, and produce all the 
good P Human life is full of misery and poverty: it is the 
business of those who govern human affairs to find a remedy for 
those disorders. 


rRACTICAL APPLIdATJON OF THE FINE 
ARTS.— XII. * 

THE AHT or MOSAIC (confiiwMd). 

By P. H. Bsumoiis, Professor of Drawing, King's College, Iiondon. 
We give in the present paper some representations of mosnieg, 
that have been, or are being executed by Simpson ifcd Km of 
Xiondon. Wo bad hoped to give these in colours, but os this 
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caidA Bot be aooompliilied, wo moot do the beat we .can with thereto whatever grace and beaat; can be aoqnized firet from 
the woo^te. In apeakiitgof woodonte, however, we may here nations Jdiubred in blood and in taste, aadnezt from the aaiver- 
remark, that in many of those given in previona numbers, among sal oanon of taete which appeals to onr common humanity. A 
whidi we may reckon all those from CirenaeBter, the exact wueartist is likenntoaman lhat isahonseholder, who b^ge& 
Bomber and etope of the teaseree have been preserved, the ori« forth out of his treasurea things new and old. 


gi^ pavements havmg been 
tramd, and the traoing di¬ 
minished by photognq>hy to 
Ihe required sise of the wood¬ 
cut. £nt in spite of this, 
odomed illnstrations would 
give f^ more dearly the style 
of work produced by Eng- 
lish workmen in the present 
day. 

may be permitted to 
referhereto alife-siae mosaic 
of Hogarth, intended for the 
South Eensington Museum. 
The likenesa is naturally 
takmi from the well-known 
portraita of the great father of 
the essentially English school 
of pointing. We are glad, 
independently of the value 
of the moaaio, thus to point 
out a portrait of a man t^ 
whom English art owes so 
much. We look upon it that 
to Hogarth, even if he was 
not a paintw of the highest 
class, nor a man of tran¬ 
scendent talent, EngUah art, 
and ao the whole range of na¬ 
tional art, owes a deep debt of 
gratitude. By his determined 
protest against tile trammels 



Fig. 30.— MOSAIC BBFBBSBNTINO ONB OF THB SEASONS. 


But to retum to the 
mosaio of Hogarth. The 
attitude is one of oonmiaia- 
tive repose, and thus fulfils 
the conditions we iiidioated 
when in a former nnmbm we 
recommended the stnty of 
the figures at Bavenna. The 
choraoteristios of the man 
himself, as he himself intro- 
duoed '^m, hie palette, the 
comio mask, and his dog, find 
natural plaMs. The position 
is sasy, and is that of a man 
contemplating hie subject pre. 
paratoiy to active work wUob 
he may momentarily begin. 
This combined effect <n 
position that we are not aur-<. 
prised to Boe oontiuned, and 
at tbe same time natimally 
leads m active motion, is 
highly suited for tbie mate¬ 
rial. It ehonld partake some¬ 
what of the calm character 
of BOttlpture, and yet the gold 
background eo entirely throws 
the figure into relief, tiiat 
we should almost anticipate 
motion. 

The styleof colouring is well 
adapted also to the material. 


of foreign taste; by the violation, on the partnf p man who bad | We are not now dealing with the glass mosaio of Venice, for 
genuine thought and true enthusiasm in him, of the rules laid which Messrs. Salviati and Co. are so oelebrated; nor with the 
down for other times and other ooontries, he showed that each Comati work from the Pope's workshop in Borne, in which various 
nation has peculiarities of taste and disposition that develop materials are employed; nor the opus vemvieulaium, of which 
themaelvee in the arte of that country, if they are allowed legiti' , Florentine work is '^e modern representation; but with purely 
mate play; that the artistic taste and feeling of ono race cannot English terra-cotta work which hM even been called opus Angli 
be violently t^sported into another: tlmt cemunt. Tbe materiala employed are teesene 

of various shapes, principally small cubes and 
prisms of tsTia-cotta powder oompreesed.mnoh 
as powdered blabk lead is squeezed in a vacuum 
nnid it aaqnires the hardness required for 
varions kinds of pencils, so that it becomes 
much more compact and hard than by the 
ordinary mode of baking, and is capable of 


themaelvee in the arte of that country, if they are allowed legiti' 
mate play; that the artistic taste and feeling of ono race cannot 
be violently transported into another; tlmt 
tiie attempt to do this merely prodnoes a race of 
oopyisin, with all the vices and the weaknesses 
of copyists; whilst each nation oan alone 
develop and enlarge its own oharactetistio art, 
grafting in, it may be, from time to time some 
of the ezoellenoes peroeiyable in the arte of 
other races, bat in the main keeping to the old 
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Fig. 32.— OBSION FOS A FOBTION OF A SBBBPOS IN KOSAIC. 

lines. _ These remhrks we do not confine to any one branch of receiving a burnished surface. This terra-cotta material, how- 
that circle of h nman endoavoura which we entitle fine art; ever, natotally does not prodnoe the brilliant oolotits nor the 
but it is, as we contend, entirely true of eome, it most be time bright effects of glaee; it wonld conseqnentiv be absurd' to 
of sH, ^d it win be imposiil^ for some of the arts to rise from attempt the same style #oolonring as may suit an ItaHaa sky 
dhsir present degraded condition in England until tbie poeition and a -ritreons material. And this is alfieat advantage, etyed- 
iabn^reoogniaed; and that M the pohtios of to-day take their ally sinoe other oauses have oontiribnted ao nmeh'towatds 
root in, and form part of the whole history of this oonntry, as fostering a taste for a heavy, omde, and over-lo^ed tone of 
fw back so tits mind of man osn trace, so the arts of Englimd oolouiii^ both in ota piotiues and onr manufootares. Bathw 
main traoe^bsok titdr origin tb ti» esxly and rode attem^s of dnU oblonrs harmouioaity dispued, therefore, ate suitable to 
o^ aameloiBi mnet develop the liaes that auggaet, and add most eiibjeote, and cmitta>d aU the mote vividly witii brighte 
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ukd llftt, 7 ei) Tsried^golden background. The neoeeeiiiy fox 
aauking the ten»<ooW teeeene in moulda, oonfinefl the ehapes 
to only a few varietiee of sntfaoe—eqnaree, reotanglea, and tri- 
angles of Tarione forma complete the category. It ie imposaible, 
therefore, to produce the irregnlarity either of the old Boman 
paTemsnta or of modem glass mosaic. This has its advantagea 
and its diaadvantagee. Among tho latter may be esteemed a 
certain datnesa originating from the formality of shape, and 
the non-appearance of the cement between the interstices of 
tesaene, though in thia respect the modem glaaa mosadoists 
also lose a strong element of beauty, and throw away one of their 
adraiitagea, by using cement oolong to match their materials. 
But aa a oompenaatmg odrantage the terra-cotta worker has a 
wider range of shades, since the blocks being far smaller than 
the smolti are ever broken into, the gradations of colour and 
shade are better preserred. In order, too, to oountemct the 
flatness of the regrular diviaions, the English workman breaks 
up his gold, which, of course, consists of smcMi, into irregular 
portions, thus causing vwrety different effect from the more 
regularly divided gold backgrounds of the Italians. 

In such pieces of workmanship as the portrait of Eognrih, 



Fig. 31.— H£AX> OF THE FUOPUET ISAIAH, OESIONED I OB 
ST. pattl’b OATHEDBAL. 

there are, of course, a great many degrees of difficulty and of 
excellence in the mere work. The flat backgrounds require but 
little skill to match the pieces to the most couvenient forms. The 
outlines of clothes, the matching of tints, and the drawing of 
the coarser parts require more delicacy end taete, whilst tho 
hands and heads demand the skill of a regularly trained artietio 
workman. A very largo proportion of the work done at South 
Kensington and at other manufactories of mosaic is executed 
by women, and this ib a branch of labour well suited to their 
capacities, since it is rather noatnass and taste than bodily 
strength that is required. 

We give in the preceding page (Fig. 30) a medallion, cne of 
four on a screen, intended to represent the seasons, a subject 
common enough amongst the ancients, os wo have noticed 
before. In this case, though only three oolours are used, 
seraal tints are required to produce the shadows, and to throw 
up tiie forms. Fig. 81 ie intended for a head of the prophet 
Inaah, and is tal^ from a design by Mr. Alfred Stevens 
for a pendentive in St. Paul’s ^Cathedral. It is weU that the 
cathedral ohuxoh in the metropolis should receive the best we 
oan give it in the form of an offering &om Art; and it ie to be 
hs^ed that ^ effort now being mode to decorate the interior 
in a manner worthy of the original deain may be as euooeeeful 
as it dessrvos to be. The oompletion of a great work like this 
anat Isad.)» a more Crated taste among the many who ^ 
d|y have this object presented to th^ view. Becent im¬ 


provements in London have led to many openings throng^ 
whiofa the great cathedral oon aaeume its proper proportions'; 
and it would be ead that after the mind had prepared by 
these dietant views, and by a closer admiration of tiie oolossal 
sise of the structure, that all enthuBiasm should be baulked by 
a bald and cold interior. We hope, therefore, that eomethiqg 
may be done worthy of the great building iteeU; worthy of Ihe 
city over which it presides; and worthy of the nation of whioh 
it is, from a oivil if not from an ooclesiastical point of view, the 
principal oburth. The design before us is worthy of. suoh a 
bnfldi^. Bold and mossivo in its treatment, it is enitahle tor 
contemplation at a distance: wo may, therefore, be sure that 
it vrill be worked out in a forcible manner, with tesserm of con¬ 
siderable size, and shades plainly delineated. We tmst to such 
work as this to elevate both artist and workman, and to prepare 
the way for further advanoes on the same road. 

Fig. 32 ia intended to represent a portion of a reredos for a 
psriEh ohuroh. The ordinary emblems of the EvangeUsts have 
their names beneath them. These stand out from a dnll back- 
ground; bat in a stiU more striking manner does the oentiral 
emblem of the cross in pure white ariae from a backgroond of 
gold. The intervening spaces are filled with conventionalieed 
flowers. The effect of good mosaic with a large admixture of 
gold in it in lighting up and enlivening our churohea, generally 
either devoid eff oolonr, or else relying on point and han^ga 
for the tone that should be obtained f^m the stmctmal 
materials, ought to be studied by all those who are anxione to 
help on the progress that orchitoctaro has been making for 
many years, and whioh we hope it will long continue to make. 
As we said at first, mosaic is on architeotnral art, and nnlesa 
it subserves tho main purposes of a building, it is not likely to 
gain a permanent bold on tho taste and feelings of the nation. 
We hope to see tiie day when amongst the English who are 
tme lovers of tiio real, tho solid, and the permanent, mosaic may 
find a place as much its dne, and as consonant with ourfedings, 
as it was vrith those of tho Homans of old, when a man of 
taste and properiy felt that his house was not projierly finished, 
nor his furniture fitly decorated, unless they were alike adorned 
with mosaios of the highest order of merit. 


BUILDERS’ QUANTITIES AND MEASURE¬ 
MENTS.—XIV. 

BT E. WYNDHAH TABN, H.A- 
SMITU'S WOBE AND BELL HANGING. 

The smith’s work in a building includes all heavy materiala 
of cast or wrought iron, as furnace and chimney bars, girders, 
columns, iron joists, heads to king and queen posts, tie-tods 
and ^Its, newels, hrackete, oantalivers, rain-water pipes and 
gutters, iron railings, guard bars, cramps, cietems, tanks, fur¬ 
nace and soot doors, grates, stoves, ranges, stable fittings, iron 
roofs, etc. Most of the smith’s work is t^en by weight, even 
where it has to be measured, the sizes of the arti(^ being 
entered in the dimension book, and afterwards brought into 
lbs., ewts., or tons by means of a table of the weight ol iron of 
given flreadth and tUokheas. Artioles in oast iron that require 
a pattern to be made expressly for them must be taken by 
weight, and the patterns numbered separately; but tor artioles 
in common use, or where a largo number of the same pattern is 
required, the pattern ia not charged. All labour in filing and 
fit^g cast-iron work must be taken by the foot-run. Measure 
the leng^th of cast-iron columns or cylinders, and enter it in the 
dimension book, stating the diameter externally, and also intsr- 
nally if hollow; the weight per foot-run can then be ascertained 
by help of the following 

TABLE OS’ WEIGHT OF SOLID BOUND CAST-IRON COLUMNS 
PEE FOOT-BUN. 


SZAX. 

WT. 

niAM. 

WT. j 

HUM, 

WT. 

; DUK. 

WT. 

in. 

lb. 

in. 

lb. 

in. 

lb. 

; ia. 

ft. 

1 

2A 


1 

4 

S9i 

1 H 

• 


Sk 

3 

23 



* 

884 

2 

9j . 

81 

80 i 

5 

6l| 


180| 


To find the weight of a hollow column or cylinder by means 
of this table, deduct the weight of a solid ooluBin ^vii^ tbe 
given intenol diameter from tiiat of a column having tho given 
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6xtonud diAdnotw* Thus tho ^srei^ht poif foot of a boUo\7 ooluuin 
6 inohM outside diameter, and 5 iuohea inside, or with ^-inoh 
motal, is 88^ loss Cl^, or 27 lb. 

weight of cast-iron girders may be found by taking each 
part separately—namely, the top and bottom flanges and the 
w<^, giving the width and thioknesB of each, and finding their 
w&ght from tho following 

XABiiB or wEMirr or i%at cast iboh, 1 inch wide, 

rUB FOOT-BUN. 


TBICKHSa. 

WT, 

imcxitas. 

WT. 

THXCEKSB.I 

' 

WT, 

miczNas. 

WT, 

is. 

lb. 

in. 

lb. ! 

iu. 1 

lb. : 

in. 

lb. 


4 

1 

H 

2 1 

64 ; 

H 

11 

J 

ij 

i| 

sf 

24 1 

7i : 

4 


« 

2]| 

4 


* 

»4 1 

B 



Pot example, to find tho weight per foot-ran of a cast-iron 
girder with parallel flanges, the flanges being 10" X 2" and 
3" X 14", and tho web la" X 14"; 10" X 2" weighs 10 x 6J, 
or 624 lb.; 3" X 14" weighs 3 X 4J, or UJ lb.; 12" x li" 
weighs 12 X 34, or 4C4 lb. ; and by adding these weights 
together, we find that of the girder to be 624 -i- 14^ -f 46J = 
1234 lb. per lineal foot. 

!]%e weight of cost-iron' etanohions, etorey-poste, ote., can bo 
also found by help of this table. The weight of fiat plates of 
oast iron oan bo found by means of tho following 


TABLE OF WEIGHT OF FLAT CA8T-IBON PLATES PEE FOOT 
BUPEBFICIAL. 


Taicsmss. 

4" 

4" 

r 

r 

r 

r 

r 

1 " " 


lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 


*i ' 

94 

14 

IbJ 


■ 284 

324 

i 374 


Castdron rain-water pipes, and eaves gutters are taken by tho 
yard-run, every fraction of a yard being taken as a full yard ; 
the heads, shoes, nossleB, angles, sookots, bonds, T and L pieoes, 
eto., are numbered. The size and pattern of the gutters and 
pipes must be dosoribed, and whether galvanised. Cast-iron 
becomes, and other railings, are often taken by tho foot-run, 
desoribing the height and ohaiaoter of design. Cast-iron 
oopings ore taken by tho foot-mn; ooal-plates, sorapers, bell- 
traps, pumps, eto., are numbered according to size. Stoves 
for open fireplaces ore valued at per inch width of frontage, and 
aooording to quality; it is common, however, to state the value 
per stove. Bangos and kitohoners ore also valued aooording to 
the width of opening, and ntunbered in the bill. Cast-iron 
frames and doors for fumaoes are taken by the pound weight. 

The iron romps, sills, posts, mangers, tronghs, eto., for stable 
fittings are generally numbered; tho cast-iron channel gpiti^ring 
being taken by the foot-run. Cast-iron gratings ore token by 
weight, which can be determined by the foregoing tables; small 
gratings, as air-brioks, etc., ore generally numbered. 

Wrought iron, when used in large quantities or dimensions, 
is taken by weight, the length being entered in the dimension 
book, desoribing diameter, width, or thickness, as the case may 
be. Tho weight per foot-run of round wrought iron’ban be 
found by the following 


TABLE OF WEIGHT OF BOUND WBOUGHT IRON PEB FOOT-BUN. 


, SIAK. 

WT. 1 

suu. 

"WT. 

^ J0U3C. 

WT. 1 

sust. 

WT. 

is. 

lb.. 

in. 

lb. 

mm 

lb. 

. 

in* 

lb. 

i “ 

J 

1 

81 


134 

34 


9 

f 


pl 

Kl 

21 

4 



l| 

4 

7s 

■1 

304 

5 

IIQfl 


The weight of drought-icon girders, joists, flat bars, etc., can 
he found by taking separately tho difibront thioknesses, tho 
weight of which per foot-nm is ^ven by tiie following 


TABLE or WBIOHT OF FLAT WBOUGHT IBON, 1 INCH WIDE, 


• 1 PEB FOOT-BUN. 


raicxa^eg. 

WT. ! 

TaxcxawDB. 

WT. 

TKICXSEBS. 

WT. 

THlCKirXBa. 

WT. 

■ to. 

lb.: 

to. 

lb. 

in. 

lb. 

i in. 

Ib. 

. 1 


i 

24 

3 

64 

3j 

US 

1 ■' 


1 

si 

Si 

8} 

4 

13| 

i .* 

14 ! 

4 



lOf. 

S 

17 


The weight of fiat plates of wrought iron of variouB thiiA- 
nesses oan be found by means of the following 


TABLE OF WEIGHT OF FLAT WBOUGHT-IBON PLATES, PEB 
FOOT SUPEBFIOtAL. 


TincKwxss. 

4 " 1 

i" 

a« 

1 « 

r'l 

8 " 

r 

■"I 

1 * 


lb. 

lb. 

1 lb. 

lb. ^ 

lb. 

lb. 

lb. 

lb.- 


5 

i “ . 

i isj 

204 

_85i 

304 

354 

404 


The lengrths of wrought-iton chimney bars are entered in the 
dimension book with their width and thiokness. Iron hooping 
is taken by length, the width and gauge being desoribed. Shert 
iron, used os linings to the panels of doors or diutters, is 
measured by the superficial foot, and thiokness described. 
Screw bolts, with nuts, plates, eto., are numbered, with a 
description of the diameter, length, eto. 

Wrought-iron sashes, fanlights, skylights, oosements, eto., 
are taken by tho foot suporfioial; gnord or saddle bars by 
weight. Tho load used in runnuig iron into stone is to be taken 
by weight. 

Iron roofing is moosnrod by tho square of 100 feet, takon 
on tho slope of tho rafters; and corrugated iron roofs must 
have an allowanoe, in taking the dimensions, of one-fourth tc^ 
the laps. \ 

Wrought-iron doors and frames are takon by the foot eupor- 
ficial, except those for fnmaces, whiol^ oro usually taken by 
weight. 

If iron is galvanised, tho area of the surface must be mea¬ 
sured for the value of the galvanising. 

Iron set-pots and coppers are taken by weight, tho labour of 
fixing being taken with tho brioklayer’s account. 

When oopper is used for the covering of roofs, flats, or 
gutters, measure it by the foot BuperficdBl, desoribing tho number 
of ounoes to tho square foot. 

To estimate tho cost of bell-hanging in private houses, toko 
tho number of the belle, including with eadh bell tho wire, 
cranks, tubing, springs, carriages, etc.; state at tho same time 
whether they are hung in peals; pendulums, levers and other 
pnlla ore usually numbered separately. Large befis are takon 
by tho pound weight, tho hanging being valued separately. 
Blootrio bells are valued aooording to number of pulls 
which are supplied, and the distance which the wires have to 
bo conveyed. 

We wiU now farther elucidate the measurement of the smith’s 
work by an example of entries in a dimension book:— ‘ 

C. 1. boll, col., 6" external 
and 5" iutomal diamr. 

C. i. T girder, flanges 
10" X 2" and 3" x 4", web 
12" X li". 

5" O. O. gutter*. 

C" 4 round eaves, ditto. 

3" E. W. P. 


2) 10 6 ' 21*0 


— 


14 6 

29 0 

25 6 

25 6 

2B 6 

28 G 

48 0 

48 0 

——— • 



So. 2 beads. 
10 6 


2 eboes. 2 nozclee. 
; 10 0 


2 angles to 0. Q. gntter. 

C. L baloony, 21" high, wfib 
w. i. top mfi end afam- 
dorda. 


25 0 


2 6 
1 S 


25 0 


Ditto coping to 8" wall. 


Ko. 2 o. i. cool plates irith books. 

„ 4 air-bricks. 

C. I. ctwment and frame. 


6 ) 8 0 

10) e 0 


3 9 

48 0 

65 0 


W. l. oWmnsy bar, 

1* round w. L guard btr. . 
S lb. lead for Ewmiag,bars. •. . 
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8) 


8 6 
1 3 


28 0 


t0> S 8 


13 9 


25 0 


ISO 0 


: i. sbdi. 


W. i. top-tjfjl, 2.J"xi\ 


1* *qro. w. 1. bars. 


No. 40. pointed ends to bora. 

„ 40 cntthig holea for bon lu nil. 

. ' 10 lb. lead for mmiiiiK. 

No. 1 w. i. frame and door to copper. 

y w. i. door and frame. 


6 0 


2 6 




15 0 


sheet - iron linings to 
panels. 


10 0 

No. 1, 4 ft, 0 in. kitchener. 

„ 2, 3 ft. regiater stoves, polished steel front. 

„ 4, 2 ft. 6 in. ditto, Berlin black. 

„ 1, 20" copper, 20 oa. to the foot. 

Hiuging lb bells with copper wire, cranks, concealed tubing, springs, 
brass T-i>1ate bock carriage, pendulum, etc., complete. 

No. 4 ornamental lever pulls. 

„ 1 brass knob, pull, und plato, 1 brass' slide pull. 

Al'STBACT. 


Cast Isos. 
I "" 


WitoiraHr Ieok. 


BellHakoeb 


Hoi. columns, | Bun. ' Cblmucybur. 


ff'dlauir. 4" 5" O.G. gutter 
ft, 

3)25 C 

f-i yds. 

fl' J round 
eaves gutter, 
ft. 

3)28 6 


thk. 
ft. 

21 0 
27 


SG7 lb. 

1 girders. 
29 0 
123i 

3674| 

567 

4141 

36cwt. 1091b. 

StrPt. 

Cosemt. and 
frame, 
ft. 

3 9 


9j yds. 

3" B. W. P. 
ft. 

3)48 0 


1(1 yds. 


2" X 4". 
ft.' 
48 0 


144 lb. 

1' round 
guard bar. 
ft. 

6.5 0 

217 lb. 

J" shelf, 
ft- 
13 9 
10 


Balcony 21" | - 

high, w, i. I 1374 Ih. 
tup rl. and 

stundds. ir..iil,2y'xj' 


ft. 

10 C 

Coping on 9" 
wall, 
ft. 

25 0 


Nousers. | 

Heads and' 
shoes to S" 
B.W. V. 

2 

Nozzles. 


Angles toO.O.I 
gutters. 

2 

Ooel plate ondj 
book. 


AlT'brie'ka. 

4 


it. 

25 0 

31 

D.iiJ 

1" hats, 
ft 

130 0 

433 lb. 

Lead for 
muning. 
5 
10 

15 


Bupauir, 

i" door and 
frame, 
ft. 

li 0 

y'sheet iron 
linings to 
panels, 
ft. 

10 0 


Nr’.ilion8. 

BoinW to 1" 
bars. 

40 

Holes In J" 
mil. 

40 

Frame and 
door to 
copper. 

1 

i4 ft. 6 In. 
kltchoiior. 

1 

Copper, wt. 
It lb. 

1 

3 ft. Togr. 
stove, steel 
front. 

2 

2 ft. 6 in. 
ditto, Bor. 
lia blaok. 

4 


Hang, bolls 
complete, 
er auk*, 
tubing, 
spring,bock 
carriage, 
pendulum, 
etc. 

10 

0ml. lover 
pulls. 

4 

Brass knob, 
pull, uuii 
plate. 

1 

Brass slide 
pull. 

1 
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TECHNICAL DEAWINQ.—LXXI, _ 

OBAWINQ FOB BBIOELATJBBS. 

I 

BXTEBNAL OB CAHBSB BBICK ABCHZ8, AB AFPLIZD TO 
DOOB8 AND WINDOWS. 

Otttbidb arcbea ore of two kinds, otraight'nad asmi-oiionlar, or 
segments of a circle. Straight arches ai« pezfeotlj' horizontal 
aVwvo, and have tho same appearance bel^, fuid unlezs the 
drawing be very large they are so represent^ They Bbonld 
not, however, be quite straight, bnt should always ha,Te a rise 
of about half an inch in throe or fonr feet, so that'their intrados 
is an are of a circle, like that of a segment arch; bnt the joints 
always radiate to some point mnch nearer thra the oentee of 
the said are. 

Tho brinks used in arches always show their thickness or 
edge in tho face of the wall, which thickness being from two 
and a quarter to two and three quarters at tho utmost, this 
dimension is used at tho top of &e straight arch, or at the 
oxtrodos of ilio curved one, and thence it diminishes, owing to 
the splay of tits arch-bricks', to tho soffit of tho straight arch, 
or to tho intrados of tho curved one. 

This splay is termed the sommm'ny of an aroh. The bricks 
used in external arches are always rubbed with great care to tho 
proper splay or wedgo-like form necessary, and according to tho 
gauges or regularly measured dimensions. For this reason they 
are styled gauged arelus, to distinguish them firom inside or 
rough arches, in which common bricks are nsed without being 
rubbed or shaped in any way. 

A drawing of a straight-arched window is given in page 203, 
Vol. I., of The Tecunicai, Eddcatob, and to this -tiio student 
is referred. 

It will bo evident that in a strugbt arch no two voussoirs, or 
arch-bricks, as they may be termed, on tho same side of tho 
centre, or key of tho arch, are alike; but those of the oontrary 
sides will correspond with each other, pair by pair. 

In semi-circalar or segment arches, on the contrary, all the 
arch-bricks between every two of the adjacent radiating points 
are exactly alike. 

The number of bricks in a Bcmi-oireular arch is determined 
by finding how many thicknessos of a common brick are required 
at tho extrudes or outside of the arch, and from tho points of 
division drawing lines to tho centre of tho arch, which will de¬ 
termine the splay, and give the rule for rubbing tho bricks to 
thoir proper form. 

Semi-circular, or segmental arches, are commonly nsed over 
tho recsesscs in which doors or windows arc situated, and the 
apertnre within is also usually arched over by a concentric arch 
of a smaller span. In such cases tho upper or greater arch is 
(vnally made a brick and a half in thickness, bnt tho lower, or 
rWiller arch, witliin tho recess is made only one brick thick, 
being equal to the fooe of tho thin wall on each side of the 
aperture within tho recess. 

Tho exterior and interior elevations of a sogmen'tal window 
have been given in page 2C4, Vol. I., of The Tbcknical 
Edbcatob. 

The example given in Fig. 585 rnprosonts a send-oixonlar axch 
of four feet width and one brick in thickness at top. This is a 
portion of the elevation of one of the arches over several of the 
doors of tho officers’ quarters in the Ordnance Barracks at 
Chatham. These doorways are 7 feet 6 inches high from the 
upper step to tho spring of tho aroh. They aro situated within 
a recess, the ouUine of wltioh only is given in Uio present figure, 
the upper or second aroh being omitted for tho soke of cleqf* 
uoas. 

Fig. 586 is the half elevation of one of tho arches ef tho 
recesses about the same doorways, whiclf'aro ono brick and a 
half in thickness; the aroh of the doorway itself, illus^ted 
in the previous figure, appears only in ouWne in the present 
example. 

It is to be observed that the length of ornamental ar^ee of 
this description thrown over a roooss, as mcaaBredfriyn the face 
of the wall inwards in a barrack or dwelling-honse, never ex¬ 
ceeds half a brick, or abont 4^ inches, nnleas the thickness of 
the wall should ^ greater, which is not nanal. 

In like manner the length of an ornamental aroh above a 
door or window, whether aitnated within a leoesa^ n^t, never 
. measures mote than half a briok, vnlass the rev^ be thrown 
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forthw iniraidB, wUoh is sot nsoal in bnildinga of the abore staalike manner, and if the brioks and mortas or gront naed be 
desQripttok. , good, there is no risk of faikie. 

Eenpe, tneh ornamentatarohee are mere eheUs, which support The esecntkm of all the tnaamental at thin endtes in the 
£ poitjii^ of the wall towarda the outride only. Aooordingly if, face of a building, andh aa have been deseilbed, ihonld be moat 
a« in (hb teoeeaed dooie alluded to in these banaoka, thore be a carefully attended to whilst in progreaa. lliidklayers will always 
double semi-oirenlar arch—^namely, one over the recess and one take sufficient pains to rub the outside of each ardh-briA pro- 
over the door—^theae two between them support only eight or per)^, ep that their work mty have a handeome app^iaaoe to 
nine inches, or a Sickness in the wall equal to about one brick, the qre, but often elur over all the other parte of the work whidh 
and therefore, of oonrse, the rest of the thioknese of the wall: are Udden ftom view. Hence, in <^er to save tronhle, th^ 
(which in the preaent instance is a two-briok thick wall) must; are very apt to out away tiie inside of the bridke of thoce at^ee 
be provided for in some other way. This ie done by meane of ' to anch a degree as may even deprive them of their proper 



a rough brick arch on the inside, concentric with the two others. 

r t of rather greater span than the smeller of the two, in ordei 
allow for a “ reveal" of the dimensione judged neoessary. 
Tig. J87 is a eeeti^n of one of these doorways, and representi 
this amusement; era ths omwnontal or external arch over thi 
reoeiB, whii^ is a brick and a half high; b ja the omamenta: 
arob within the reeeas over the door, which is one brick thick 
Each of these two ardus ia half u brick in length, measurint 
Mb fiiia face of this wall inriards; e is the rough arch after- 
smrda oo\wed with plastering, which is one brick in bei{^t anc 
IcByth. 

Oasgaininiag this Mm it *iii be seen that the two om» 
iMnrial arohea arabyno mean* wdl oonneoted. In fact, altkongi 
WBph itritT ^ own part bf the euperinonmbmt brick 

MieM'1||aM demma b«M between them. If, however 
.%i^lMlTWV«jlr«»oalad Itm {ttpper care, and hi a work 


wedge-like form everywhere except at the external, aaxtaoe. 
This negleot produces oradee, and caasee the acoh to bulge for¬ 
ward. It may even oanee oneof the brieka of astraigiitardito 
drop down lower than the soffit or bottom of the arch, whM 
defeote may frequently be observed over the windows of common 
bridk bnildingB. 

V In respect to ornamental arches of one brick in thioknese 
and only half a brick in length, of which a ipeoimen ia givan ia. 
Tig. is advitable that none'bnt whole bricks should be 
used in donatmotlng them, because the use of the two bats in 
every alternate vonesoir, ae appears in ths flgaie alhidad tc,, 
would in praetioe weeksn the s^ in some degrM. Bniintl^ 
case false jdata maybe repreaented in every attonate voaaiBir, 
should it he thought that the mixture of snutfi jdbts wt^ 
better accord with the. gennal effitot of the otM parti of fha 
bridework. , 
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FARMING AND FARMING ECONOMY.—XIV. 

By Pri>t«nor WaiOBitoii, Boyal AgrionUunJ CoUega, Cironooiter. 
SHOBT-HOBNS. 

IHTBODTJCTOBT BSUARKB—BKBTCH: 01 HI8T0KT—PBmcil'I.KS 
INTOLTSB IN BKEKDINO CATTLE—IN-AND-IN BBEEDINO— 
“POINTS” ON SHOBT-HOBNS. 

We propose to doToto a chapter to tho study of short-horns. 
Wo do so beoaase no race of cattlo has had such a rapid rise, 
has boon so “ artificially *' produced, has obtained such a mde- 
aproad popularity, or posaessoa such a oonibination of those 
aptitudes for which cattle are prized. The skill of the breeder 
has been lavished upon it, and tho material upon which such 
skill has been exerted has posaesaod the necessary plasticity to 
ensure success. Koferenco has already been mode to tho extra¬ 
ordinary prices recently paid for short-horns, and tho records 
of pnblic sales during the last year clearly indicate tho high 
estimation in which these animola are held. Wo, howorcr, fear 
that tho exaggerated value now sot upon pedigree is introducing 
an element of decay. Kigorous selection and a keen regard for ' 


therefore deal with the subjoct generally, and at the same time 
with the utmost concisenurs. 

Bobert Bokowell, of Bishley, Loughborough, Leicestershire 
(born 1726, died 1795), must bo credited with having first ^ 
turned the attention of agricultuTists in the direction of improv¬ 
ing their live stock. It was in his hands that tho old English 
black horse, the Leicester sheep,, and the famous long-hom or 
Leicester cattlo, were brought to perfection; and there is no 
doubt that his example and precepts wore followed by tho 
brothers Colling, of iiarmpton and Ketton, in their successful 
endeavours to improve Durham cattlo. Long previous, how¬ 
ever, to tho time of tho Collings, the Durham breed hod been 
preserved with care. Thus pedigrees luul been kept in some 
cases from tho time of the cattle murrain, in 1745, and tho 
Dukes of Korthumborland, tho St. Cluintins, the Pennymans, 
Milbanks, and oilier county families, had for long taken a pride 
in their catflo. It also appears that a Mr. Dobison, of Tho Isle, 
Sedgefield, used a Dutch bull with success, and other breeders 
followed his example with rather prejudicial olTocts. Tho im¬ 
provement of the county cattle, thus commenced, received a 



SHOBT-HORNND COW. 


a. Shoulder-top; h, orop.s ; c, chine: d, hook, hip or pin hone; d', space; », loins ; /, ridi^o; j, heef-bed; li, sot-on of tail! 
i, rump-bone; k, twist; 1, battc.,k; m, dank; n, hock; c, udiler; j>, fore-udder; u, dew-lap; », bluest; w, ahouldor-poinU; 


j', uook'veiu. 

personal merit cspooially require enforcing, and without under¬ 
valuing pedigree wo think that it is too much relied upon at the 
present day as tho tost of value. Without furthor comment 
wo propose to commenoo the consideration of this romarkiiblo 
race of cattle with a short history of its rise end gradual diffu¬ 
sion over this country. We shall next devote a little time to 
tho principles that guided its curly pronioter.s, and lastly, give 
tho points looked for in first-mto examples of the breed. 

The short-horn must bo e familiar object to almost every 
one. Who has not admired the tranqnil scone of cattle grazing 
or resting in rich meadows, or standing knoo-deep in water, 
shaded from the snn by magnificent trees ? Such p'easing 
additions to tho landscape cannot fail to attract and cliarm i ho 
nye, and we accept them as the happiest manner of introducing 
our bovine friends. Bnt are those short-homs ? If, we answer, 
bo herd consists of rod and white horned cattle, in which tho 
wo oolonra named are pleasingly diversified, one animal being 
ed, another white, a ihird red and white, wkilo a fourth a' 
.robably a rioh roon, we.#nay generally assume that we are 
ither looking at short-homs, or animals strongly impressed 
with short-horn character. Such cattlo arc noV generally dis¬ 
tributed throughout the United Kingdom ; bnt within tho last 
seventy years ^ey wore almost oxelusivcly confined to tho 
counties of Durhem. Yorkshire, and Northumberland. To givo 
more than the merest outline of tho history of short-horn cattle 
would bo impossible in a short aitioie like the present; we mnst 


» 

wonderful impetus from tho labours of Charles and Bobert 
Colling, who, by collecting together tho best females, and ally¬ 
ing thorn to sires of unrivalled merit, sncceodod in laying the 
foundation of a breed which has found admirers in every district 
of this country, and seems destined to extend over a large 
portion of tho civilised world. In 1810 Mr. Charles Collings’ 
short-homs wero sold at Ketlon by Mr. Kingston, auctioneer, 
at an average of Xl.'jl 8s. over forty-seven head, and in 1818 
Mr. Bobert Collings’ cattlo were dispersed at Barmpton, realising 
an average of £128 14a. 9d , over sixty-one head, old and 
young. In tho first-named sale the bull “ Comet” was sold for 
a thousand guineas, and in both many animals realised two, 
three, and four hundred guineas. Tho purchasers of this cclo-s 
bratod stock in turn became noted as tlio possessors of pure 
blood, and further extended tho breed. The Chilton cattle, 
under the fostering hand of Mr. Mason, had long been famous, 
and tho sale of ibis herd in 1829, at which Lord Spencer was a 
prhieipal buyer, may bo looked upon os tho next loading^ event 
in short-horn history. Mr. Whitaker, of Burley, held his sale 
soon after, and in tho language of “ Tho Druid,” Sir diaries 
Kniglitley, of Pawsley, graduiUly hecaino quite a Whitaker of 
tho Midlands. Mr. Riohard Booth, of Woiialiy, Yorkshire, and 
Mr. Bates (afterwards of IQrklovington), on banks of tbe 
Tyne, wore oontomporaneous with the Collings. Both pur¬ 
chased bulls at Barmpton and Ketton, and both* became so 
famous as brooders of short-homs that wo shall hswe again 
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aetioo their proceedings. Such wore the most eminent early 
improvers of ehort-hom cattle. With good material to work 
upon, they brought out animale which probably have never 
'oeen excelled, and from their time down to the present the enc- 
ooseee of breeders have rather been in the direction of maintain¬ 
ing and diffusing than in improving their favourite breed. Mo 
greater monument of the care taken in maintaining the pnrity 
of the race can Iw shown than the Herd Book, now numbering 
nineteen volumes, end containing the pedigrees of some 30,000 
bulls, as well as a corresponding nomber of cows. Such a wotk 
also clearly shows the impossibility of giving in a single obaptef 
even a faint idea of the many well-known strains of blood, the 
rival merits of which ere keenly disenssed by “short-hom 
men.” Leaving, then, snch highly technical dotailB, let ns turn 
to the consideration of thoso principlos which were steadily 
adhered to bj"- the early breeders of short-horns, and which led 
to snch unprecedented success. 

Previous to the time of llokewdl and the Collings it was 
usually thought impossible to fatten an ox under five years old, 
and Mr. J. Baily, who wrote the history of Dnrliam, says, “ I 
remember going to sea a curiosity in 178(5, a steer, throe and a- ' 
half years old, of Mr. Eobinson’s, of Hutton, that was supposed | 
to weigh eighty stones (fourteen pounds), and soH for ^20.” i 
One principal improvement which has been cfTected is that of an I 
e:tflior maturity, short-hom cattle now readily fattening at two ! 
to two and a-half years old ; secondly, an increased axititudo to i 
fatten, or an inemasc in the relation of beef produced to food j 
consumed ; thirdly, nndiminished milking properties; fourthly, j 
the i-ediiction of offal or useless portions of the carcase, in- ] 
eluding bone: fifthly, beauty of form and colour; sixthly, j 
“(inaiity!” seventhly, docility. All these excelloneos have, 
I'tK-n developed in a marked degree in the improved short-horn, ; 
'.'ithont any deterioration of constitution or hiirdiUond, by ' 
observing certain rules, simple in themselves, but requiring a 
discerning eye, a proi'tised touch, an almost passionate at¬ 
tachment to the pursuit of cattle-breeding, and, lastly, a bold 
onthiy of money. With these requisites the improvement of 
cattle becomes a certainty; without them, an impossibility. 

The rules or principlos which the breeder keeps before him | 
are axtparontly simple, but involve in their anocessfol apjilico- 
tion great judgmout and long expcidonce. First, it is an ! 
axiom that “ like begets like,” which fact brings ns face to face | 
with the wholu question of judicious selection. Good animals ' 
beget good animals, but the power of transmitting valuable 
characters varies in individuala. Tlio direct influence of the 
jmront ujrnn the offspring is backed up by the more remote 
effect of x>ast generations. This singular fact, so well known 
to every one, and yet so mysterious, is termed atavism, from | 
afavus, an ancestor, and leads ns at once to cousidur tlio valnc i 
of iicaligreo or lineage. Offspring may therefore resombl* a | 
remote ancestor, a fact expressed by the term ‘‘reversion,” | 
and exemplified by the fact that well-bred cattle will «ccasion- 
ally tlirow inferior calves, representing unimproved and remote ! 
progenitors. Thc.«c must be rigorously " weeded.” The longer 
a tribe of cattle has been purely bred, the leas likelihood is 
there of reversion to a batl typo, and hence tlio importance 
of pnrity of blood, or pedigree. Thus we see that indifidnal 
merit and an unstained lineage must both be regarded as essen¬ 
tial. It will now be perceived that the breeder’s art is compli¬ 
cated by various considerations, snch as the personal merits of 
parents, descent, the jndiciouB pairing of animals with a view | 
to correct defects or develop good qualities, and, lastly, the j 
feeding and treatment of the animals. 

It is also worthy of attention that however mmataral a! 
*^sy8lem of breeding from near affinities may be, it has succeeded ' 
admirably in the case of short-hom cattle. Wo often hear in- 
and-in breeding, or the breeding from close relationships, at 
once condemned as leading to disease, deformity, and imbe¬ 
cility. All races of animals cannot, however, be thus generally 
spoken of. With some, as in the case of horses and the pig, 
in-br%iding is followed with pernicious results, yet oatfle and 
sheep n^y be bred in this way for many generations, with ad- 
vaatege rntlmr than otherwise. The bold policy of in-breeding 
pursued by early short-hom breeders is indeed singular, and,: 
w^ cannot help thinking, couolnsive in favour of the system as i 
applied to oattk. Let us now briefly trace the origin of the 
Bempton'I^d Keiton short-homs, from which so many herds 
of Hiw prewnt day are desoended. The Messrs. Colling pos¬ 


sessed good cattle of the neighbourhood, but Mr. Eobert Colling 
confessed that they never had better cattle than other people, 
until Mr. Charles Calling purchased the oow Favourite and her 
daughter Young Strawberry from Mr. Maynard, of Bryholme. 
Other good cows were also gathered together at Barmpton, and 
such formed the nucleus of the future herd. We now turn to 
the sires. The first bull which left his mark was the now 
celebrated “ Hubbeck ” (319), a bull picked up almost aooi- 
dentally by Mr. Charles {Rolling, but which was subsequently 
shown to be possessed of a pure short-horn pedigroo for several 
generations. This bull possessed, in a most wonderful degree, 
the power of transmitting his good qualities to his offspring, 
and bis name lies at the foundation of all the pedigrees in at 
least one very important section of our short-horn herds. 

“ Foljambe ” (263) succeeded “ Hubbook,” and “ Favourite ” 
(252) succeeded Foljambe.” Favourite (252) was himself 
■Ujo result of close interbreeding, as is shown by the following 
tabular view of his pedigree, commencing with the oow Favourite 
and her daughter Young Strawbewy. 

Young Strawberry (cow). FuljHnibe (bull). Fnvonrito (cow). 

V-^-^ - . - --^ 

Jloliugbroko (bull). Pbecnix (cow). 

'-<-;-' 1 

Faveurite (252). 

And yet Favourite was often used, witliont ill results, upon 
liis own oiTsfiring for two generations. A oow by Favonrilc 
was put to Favourite, and the result was “ rrmooss.” Frincess 
brought Mcll Gwynne by Phenomenon ('191), but on consulling 
the Herd Book we find that Phenomenon is by Favourite. Nell 
Gwynne put to Layton (366) brought another Null Gwynne, and 
on investigating Layton’s pedigree wo find that ho was by Minor 
(1 11), himself the result of two eonseentive Favourite crosseB, and 
()Ut of a dam similarly imbued with Favourite blood. Again, 
taking the case of Janette by Wellington, a name which occurs 
fur back in the pedigree of the “ J ” family, we find the follow- 
1 iag. Wellington was a grandson of Phenomenon, and )>.v tiirci' 
previous erosscs bo wa.s at once great, groat-great, and great- 
grciit-great-gr.rndson of Favourite. Still further, Janolto’s dam 
was by Phenomenon a son of Fiivourito, and, lastly, Janette’s 
grandmother. grcnt-grii.ndmoth<-r, and great-great-gi'andiiiother 
were e.vJi by Favourite. Such was frequently the breeding 
of those earlier animals, whose progeny now rank highest in 
pnbUc estimation, and instances might bo given to show that 
a similar system of close breeding has been pursued without 
apjiarcnt ill effects down to the present day. 

At an early date in the history of short-horns two rival 
breeders. Mr. Bates, of Kirklovington, and Mr. Booth, of 
Warlaby, both of Yorkshire, oame prominently before the public. 
It is scarcely too much to say that onr auwt highly esteemed 
short-horns trace back to animals bred by either one or the 
other of these breeders. Booth and Bates' cattle arc familiarly 
spoken of by short-hom breeders os representing two rival 
straiiis of blood, each party claiming special merits for his 
favourite. We do not X'ropose to discuss this subject, as it 
would lead ns into undue prolixity, but it is necessary to men¬ 
tion it, as the two strains are for the most part kept apart, and 
as a consequence certain distinctive characters have asserted 
themselves as peculiarly belonging to each family. Among 
the best examples of Bates’ cattle at the present time are 
the Wetherby Duchesses, the property of Colonel Gunter j the 
Duke of Devonshire’s herd at Holker, Lancashire; and Lord Dan- 
more’ 8 and Mr. Bowly’s Kirklevingtons. Among Booth cattle wo 
may mention the Warlaby herd, now in the possession of Mr, 
Jolm Booth; the Aylesby herd, so long and carefully bred by Mr. 
Wm. Torr; and the Townoley herd, associated with the name of 
Colonel Towneley. We must conclude this brief account of 
short-horn cattle with the points of excellence nsnally looked 
for, many of which are common to other breeds of cattle. 

. The colour may be red, white, red and white, or roan, but 
black is not allowed on any part of the body. The hair is 
plentiful, long, lying in varioos directions, and of mossy, rioh 
appearance. Tlie animal is docile, the female carrying a sweet- 
looking head, wfth a qniot eye. Homs of moderate length in 
the oow ; short, thick, and spreading in the bull. The muzzle* 
is cream-colonTed, and the horns ore waxy, with streaks of red 
at the base. Tbo bnll has a noble carriage, and fine head, with 
hair curling over his forehead and between his horns. It is 
the head which gives what is termed '‘ohuaoter” among 
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bTecdera. The ramp-bone, whon tuo animal la lean, Bhonld be 
abont two inches off, and the upper portion of it level with, the 
nnder side of the tail. When an animal is narrow at this 
point there is often a want of loan flesh and substance between 
the mmp and hips. The qnartor, or length from rump-bone 
to hip, should be long and full of lean flesh; the hips should 
be wide across, especially in the female, and the hip-bones 
rounded and well covered; the loin must be flat and wide j the 
space between hips and ribs moderate; tho ribs well arched . 
and deep, giving a round “ barrelthe back straight; tho I 
breadth of tho loin maintained by the spring of the rili^., and 
shoulders wide across; the belly lino parallel with tho back, 
giving ii uniftTrm oylindrical body ; the flank well let down ; '• 
1 highs heavy-fleshed and deep; buttocks full on both si>le.s; 
shoulders snugly laid back into tho cn>ps : the bosom deep, 
wide and prominent; tho nock tlpek at tho hose, bnt tapering 
to the head ; the head broad between the eyes, and taj'cving to ‘ 
the mnzxle. Wliether viewed from front, Iwick, sideways, nr 
from tilinve, the animal should approximate as Jienrly ss 
possible in general outline to a parallelogram form. 'I’lii-, 

. is difficult to realise, but a glance at truly well-ma’le cattle ' 
\ will '•onMiice the observer that a certain squarci'css of form is , 
tho bei-t type of bovine symmetry. In addition to a correct ‘ 
I forte, i.'iort-!i'Tns must also possess tho essential trait of 
“qutill'y" or “touch.” In other words, tho skin must ho j 
soit, ^ ■■ant, neither, too thin (iiajiory) or too thick (heavy), and 
movi; with .a eerttiin eharaetcristic case upon the eellninv 
matt- • i 'Uie.ath. Tliis peculiar handling of ciittlo aceoitipanics 
apti; ;i!e to fatten, and it is spoken of as “tinality.” timility 
is fil -1 indicated by an almnilant coat of line silky, well laid 
hair. ‘ 'n comparing Bates and Booth eatlle, we find the follow¬ 
ing poioi.'. of difference. Tho formeraro unrivalled in “ touch” 
or (ina-tv ; tiie bulls have grand “ Bates’ eharacter " heads, 
imble lU 'tks, and upright shoulders, ralhcr hollow or deficient 
bell mI. -Mr. Carr, the historian of Jsuolh cattle, says; ‘‘The 
late Vlr. Bootii sueeeedod in imparling a length of qnaner sneh 
as no other herd can boost, a marvellous fuliiess and depth of 
thigi'. and of the twist or junction of the inside of the thigli«, 
am! a perfectly parallel and almost pcriiendicular ]iositiou of 
the iiind legs. It was. however, to tho ample and symmetrical 
development of tho fore-quarters that Mr, Booth's special 
atleclion was dirce.ted. Ho increa.snd the obliquity or back¬ 
ward in dination of tho shonldcr-tilade, thereby preserving tho 
level line of the bock, and jiromoting the 'ree and graeoful 
carriage (if tho animal. It was also his aim to improve the 
form and enlarge tlie capacity if tho chest, which he did by 
augirienting tho prominence or circularity of tho for.'-rih, and 
the widih of the sternum or floor of tho chest. II. is to the 
sue,-ess of Mr. Booth’s efforts in this dircetion that wo nr? 
indebted for those valuable and almost jioenliar eharactoristic' 
of tho VVarlaby cattle—tb.o perpendicular foro-ilank, whiiii 
drops even with the arm ; tho roundness of the barrel-shaped 
crops, (md the width or massiveness of tho projecting boi-om. 
The nocks of the Booth short-horns are reiujirkablo for their 
bulky and yet symmetrical dovelopinent, gradually swolliiig as 
they approiuih and blond with the shoulders and bretist, and 
ooinpletely hiding the shoulder-points even in tho unforced 
animal.” 

■^'o are .compelled to leave tho short-horn here, and to 
turn our attention to other important breeds, yuoh a sketch 
mast bo of necessity iiioomplotc: but if wo have given a good 
general idea of the history of tho breed, tho principles kept in 
view by those agriculturists who intcrostod thoraaelves in its 
improvement, and some faint idea as to what a good short-liorn 
is, our task has not been in vain. Tho following wnrls luive^ 
been eonanlted in writing the a,bovo article;—“ Tlio HUtory of 
the Killerby, Stndley, and Warlaby Short-horns,” by W. Carr: 
“History of Improved Shorthorn Cattle,” by T. Belli ‘"Tlie 
,Tli»o and Progress of Short-honis,” by H. H. Pixon: Darwin's 
“Animals and Plants uqiler Domestication,” the A:irii:i',/- 
tu/'-ai Qaaette ; Mr. Wright’s Essay on Short-horn Cattle, 
and Mr. Thornton’s “ Shorthorn Circular.” In these any of our 
■' readers who may be desirous of obtaining further information 
will find many details, and much that is interesting and impor¬ 
tant that wo have been precluded from entering into hero. Wo 
need Boaroely say that their perusal will amply repay tho timo 
spent over it, and furnish lihe cattle-breeder with many useful 
“ hints that might otherwise have been lost to him. 


CIVIL ENGINEERING.—XIX. 

BT r. o. hai:tiicu,ojii3w. c.e., w.s.e. 

LlttBTHOUSES * 

The very limited period during which it was possible to work 
upon tho Bell Eock —a period seldom exoeeding three hours at 
a time—mado it necess..ary to embrace every opportunity of 
favourable weather, as well by day as by torch-light by night, 
and also a>)on Sundays. The rise of the tide is so sudden tliar. 
immediately the exterior parts of tho rook were covered tho 
workmen had to collect their tooD, and betake themselves to 
the attending boats. 

Tho tiist thing necessary to do at tin* rook was to erect a 
beacon to serve as a residenee for the men during tho working 
months. This beacon e.(int'i-<tcd of Vtvelvo largo beams of lir 
timber, occniiving a base of 30 feet diameter, and rising to 
a height (if 5(1 feet above the rock. Tho spars were strongly 
framed «ith oak kijec.s, and conueeted 1.0 the rock by iron bats 
-ct into hob's, cut lb inches deep in the rock, and wedged in. 
The upper pait of the beacon was fitted np for oeonpation, 
tho lower floor being emj'loyed ass a smith’s forge, and for pre¬ 
paring the mortar. Iminediiitely over this wa.s the cooking- 
liouse ; above thi-- were the cabins of tho engineer and foremen, 
and over all the biirraeks for the artificers. 

Till' oeaui'icd portion of this woo.lcu piruoturo was above tho 
real'll of the sea in moderate weather; but tho lower floor wns 
often lifted by the w..T-'s, iind the ooiilent.-i washed away. The 
position of thi- heacr.n was near the site of the llghthoUBp, .and 
after tho creetinn of the I.attcr hod fairly ]irogrcrpoj, tho two 
■'truetm'cs were counecte I by .a wooden bridge, which served as 
n stvgo from whence ‘tlie in-ateriiilH emjiloyed in the building 
were rai.-ed from the rock. H tlii' peculiar position and eirenin- 
staiieos of tho Beil Itock arc taken into otinsideration, the great 
use of tlii.p beaeoii-hoi'..st’ will be ay.parent. The rock was so 
eon.-tanlly submerged, and the period.-, during which it was ex¬ 
posed wore so hliort, and moreoTfr tliu difiicul.y of binding 
upon the rock, owing t.i the vMeiieo of Hie snif, was* so 
great, tli.'d liad there not existed a t..':n;)orary lesort mien the 
rock itself, from which the workmen might w,tl.ont U.s.s of 
time hu-t.en to their dntie.s. the eoinn)'’ne(':ue.’it of the work 
would have been gi—ntly impeded. ai.J prolmbly many lues l.'st. 
The bo.ieou was xa-ated at the ehi.se of the summer, siinl .tg.sin 
j resorted to as sm n ns th- blorin,s of the eiisiniig winter a-'id 
spi'ui.g were over. 

To faeilitiile the eonveyanoe of the huge bloe.kH of stone em¬ 
ployed in the eon-t.nietion of the lighthon.se, from the various 
, landing-i'laees at the rock To tlie .site of the building, tracks of 
ea.st-iroii mi’s were laid down and fix' d to the rock. Two sea¬ 
sons were thus oeeupied in oreeting tlio beacon, in entting out 
ni^l prepai’iiig tlie 'oeii for tho reception of the blocks, and in 
hiving tho first four eour-ns (.f stone, wliii-h brought tho height 
' ef the building 5 feet 0 inches above thp foundation, and by the 
end of the succeeding season the bnilding was raised to the 
height of 30 feet, which eomiilctcd the solid portion of tho 
light hotiRe. 

: Tipi state of the weather during tho onauing season, com¬ 

bined with tho skill acquired by the moii during t’ne operations 
I of previous ycar.s, enabled the building to bo oomplctod by the 
[ following Octolier, at least so far as tho masonry was cor.- 
cei iicil, and tho Ught-ruom was finibhed in December of the eamo 
year. 

I This lighthouse i.-:, li’io the Eddystono, circular. The two 
bottom courses of the masmiry are sunk into the rock, and a 
i very similar system (.f dovetailing to that of tho EJdv stone haj 
been employed. 'Die eoment used was a mixtiiro of jiozzuo]an.a, 

' oiirth, lime, and sand, in miual parts by mea.siiro. The stones 
' which eowposo the solid portion of tho structure weigh from 
half a ton to two tons each. 

' 'Die diameter of the bottom course is -12 feet, and the build¬ 
ing dimniishes in much the same proportion ns the Eddystone, 

' until the pnvapct-wall of tho lighl-room is reached, whiro the 
, dinmotor is reduced to 13 foot. Tho masonry portkin is 100 
' feet high, above which tho lantern rises 13 foot. 

Tho first 30 foot from the ground is solid, and at this height 
' tho entrance is situated. Tho ascent from the rook to the en¬ 
trance is by a kind of ropu-laddor with wooden steps, which is 
hung out at ebb-tide, and taken into the bniliUiig \qhen the 
I water covers the rock. Tho stoircaso rises 13 feet from the end 
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of the paauge, at which place the walls axe 7 feet thick, and 
diminieh to 12 isohea in thickness at the parapet-wall of the 
Eght-room. The buildinK contains six apartments, including 
t^ light-room. The floors arc all of stone. The cssemonts of 
the windows are all donble, and are furnished with outer storm- 
shutters. The parapet-wall ia 6 feet high, and outside it is a 
kalaony surrounded by a cast-iron rail, resting upon a footing 
of broas, and surmounted by a coping of the same metal. The 
smoke.tube of oast iron which conreys away the smoke from 
the kitchen posses through the aeveral apartments above it, and 
heats them. 

The light-room and appaxatua was oonatrnctod in Edinburgh. 
Its shape is octagon, and it measures 12 feet across, and 15 feet 
in height. The sashes are of cast iron, and the panes measure j 


waves beating upon this rook. We shall not enter into a minnte 
description of ihe magnificent structure which now serves to 
warn the mariner to avoid the dangers of the Wolf. A few of 
its leading oharacteristioa will suffice. 

The building is of stone, 11(3 feet 4} inches high; tiie diameter 
at the base is 41 feet 8 inches, but near the top, just below the 
springing of the curve under the lantern, it is r^nced to 17 feet. 
The work is solid for 39 feet 4^^ inches from the base, with the 
exception of a space formed for a reservoir for fresh water. 
The walls are 7 feet 9} inches thick at the level of the entrance 
door, and gradually decrease to 2 feet 8 inches at the thinnest 
part near the top. The exterior face of the shaft is similar to 
that of the Eddystono and Bell Book, being perhaps rather 
flatter in the curve. It contains 44,506 cubic feet of granite. 


2 feet 6 inches by 2 feet 3 inches. The glass is ^ inch thick. 
The cost of the building and its establishment was about £60,000. 

It is easy to perceive that apart from 
the difficulty of roaring a tall structure 

liaving a limited area of base, which ^ 

ia submerged every tide, capable of < 

withstanding the shocks of heavy seas, J 

one of the chief obstacles to be con- 

tended against in erecting a lighthouse ^B||| 

upon an isolated and exposed rock lies 
in the difficulty experienced in landing 
men and materials, and in the limited 

period of time during which operations AhHhHH 

can bo carried on in the early stages 

of the work. Some idea of what this ffijlMWIBi 

difficulty is may bo gathered from the 

narrative of the building of the light- 

house upon tho Wolf Bock, and of m 

the admirable precautions wMoh were m m 

adopted by tho engineer, Mr. Douglass. m M B |r|| 

Tho Wolf Bock is situated 23 miles B B 

W.H.W. from tho Idrard, 20f miles E. M 

by S. i S. from St. Agnes lighthouse, W|| 

Boilly, and 7} miles S.W. ^ S. from tho v |||t 1 

Longship’s Lighthouse. It consists of H 
a haxd porphyry, and its highest part |||J|| J 
is 17 foot above low water, and 2 foot ‘“"HaFw 

below high water of spring-tides. Tho 1|| J! M ji| 

surface is sufficiently rugged to render J 

a landing upon it difficult at all times. 

The water is very deep on all sides i; i| i| |l 

except tho S.E., the depth being up- j; || | ,| |j 

wards of 100 feet. There is also a |i ji 1 'I I' 

strong tidal current setting upon the ij ji i i j' 

rook. Its position is exceedingly ex- j| !; J 

posed, and it rsooivos tho full force of ij ;l i 

the Atlantic waves, which burst upou 


weighing nearly 3,300 tons. Every external stone block ia 
! dovetailed to the adjoining block, both vertically and horizon¬ 
tally, the dovetails being 3 inches in 
height. In addition to this precaution, 
each block of the two lower ooursos is 
I secured to the rook by two metal bolts 

k 2 inches in diameter, and sunk 12 inches 

into tho rock and wedged. In the next 
■j&b' eighteen oourses eaoh exterior atone is 

eoourod to the conrso below by two 
2-inoh bolts of yellow metal, and each 
internal stone by two 2-inch bolts of 
galvanised puddled steel. These bolts 
|B||H|||k are sunk 9 inches into the course below. 

In order to economise time upon the 
|i||HH|^k ' rock, the blocks wore all prepared and 

carefully fitted, and the bolt-holes all 
m bored, in the yard on ebore. Tho blocks 

^ to tho level of high-water spring tides 

nl m m n iroie sot in fresh Boman cement, and 

from this point upwards in Portland 
Ik cement. The cement was mixed with 

M equal portion of sharp granitic sand, 

obtained near Fcnzanco, and salt water 
Bl employed in tho mixture for all 

1 'll solid portion of tho work. Very 

8 if p’fl little wood is employed in the struc- 

n n ii fl ladders for ascending from 

- room to room being of cast iron, as 
well as tho partitions between tho rooms 
; ji I' ! and the stairoose; whilst tho doors, 

! |i I windows, and storm-shutters are of gun- 

{ I 1 motal. To facilitate landing upon tho 

I ! rock, a landing-platform has been oon- 

I : I structed. This consists of small granite 

j : I,' I ashlar, set in cement, tho stones of 

which it consists being 24 inches X 


it with incredible fury. So long ago as scale exF^.i inch. 12 inches X 6 inehes, tho quantity of 

1823 the Admiralty appear to have pjg. 44 .— LiauTHOtrsB eekoted on the maeonry being 14,664 cnbio foot, 
wished to oroot a lighthouse upon this maplin bands. I* uufrequontly happened during 

rock, but tho estimate of fifteen years to tho early stages of the work that the 

build it, and the ooat—£j.S0,000—seems to have deterred them surf increased so suddenly as to preclude tho possibility of 
from tho enterprise, and an iron beacon was subsequently erected a boat landing to remove tho workers, and upon such ooca- 
by Mr. Thurbum, ooonpying in its erection from 1836 to 1840. sions they bad to be hauled on board through the surf by 
Five years would appear to be a long period to expend in this a rope fastened round their waist; and during the cutting 
undertaking, but the actual time occupied in working upon tho out of the foundation x>it, it became necessary to sink heavy 
rook was only 302i hours during the wholo five years, this iron stanohions into the rook at intervals around tho site of tho 
limited period being entirely duo to the danger and difficulty foundation : each man working with a safoty-rope lying near 
attendant upon the exposed position of tho rook. The boooon, him, with one end attached to the nearest stanchion. An 
whicli consisted of a mast of selected English oak 12 inches experienced man was always stationed on tho highest point on 
in diameter, secured _ by stays fastened to the rook, cost the rook, whose duty it was to watch for the seas, and to give 
£11,298 4 b. Id., and it was carried away in November of the warning to the workmen to hold on to tho lines, when, with 
same year in which it was completed. It was roplaood by one head to tho sea, it would wash over them, and frequently carry 
of wrought iron, inches in diameter, in August, 1842. away tho tools they had been using. In this manner eight working 
Daring the heavy weather of the succeeding winter this iron seasons were passed, during which 266 landings had been 
mast )gas bent about 3 feet from the perpendicular, and in effected, and 1,809^ working hours spent on the rock. In spite 
October, ^844, it was broken off at about 4 foot above tho top of the height of this lighthouse—upwards of 100 feet above 
of the cone. A second iron most was subsequently fixed, the high-water mark—^large quantities of water ore not unfreqnently 
diameter being inoreasod to 9 inches, but this also was carried' thrown over the tower. The total ooet of the building, in- 
away in the early part of 1848. Another iron mast of equal eluding all inoident^ expenses, was £62,726. 
diameter, tmt supporting a emaller globe, was then fixed, and That most ueeful material, iron, ia not exoludad from the 
tl^ w^^eto^ the violence of tho sea nntil taken down, during oosetruotion even of lighthousea, having been eaccesefully 
the ooDitmotion of the present lighthouse. employed in more than one instance. One will suffice as an 

^eee pa rticul a r s wffl serve to illustrate the force of the illustration, the oast-iron Ughthonse at Bermnda, erected by 
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Mr. Gordon. The Bite it oehnpiee is not exposed to the wash 
of the sea; indeed, it might suoroely be deemed adTieable to 
employ • material bo liable to oorrusion from the aotion of salt 
vater aeiron ie, in a position irhere it would be Bobjeoted to its 
iufinenoe; it would certainly recinire the moat constant and 
Borutiniaing attention. 

The Bermuda lighthouse stands upon an elevation 250 feet 
i^ve the level of the aea, and is itaelf 105 feet 0 inches 
high, and 24 feet in diameter at the base. It cunsista of oon- 
oentrio caat-iron plates, 135 in number, and moulded to the 
external contour of the shaft. The plates vary in thickness 
from 1 inch to | of an inch, and are cast with flanges on the 
inside 4 inches broad, reckoning from the exterior aurface of the 
plates, which ore further strengthened by -J-inoh feathers placed 
at intervals of 12 inches. 

Holes I inch in diameter arc drilled C inches apart in all the 
flanges, both vortical and horizontal, to receive f-inch screw- 
bolts, by which the several plates are united. In the centre 
of the lighthouse is a hollow column of cast iron running from 
bottom to top, 18 inches in internal diameter, and 194 inches 
in external diameter. Upon this rests the optical apparatus, 
and the weight by which its revolution is maintained descends 
through this hollow shaft. The column Is cast in nine lengths, 
each length terminating externally in broad circular finriges, 
which serve the double purpose of connecting the sections 
together, and of supporting the floor-jdates. This shaft is 
also employed in'raising stores from ono floor to another, for 
which purpose there is, at a height of 2 feet above each floor, 
an opening loft, 2G inches high and 15 inches wide, furnished 
with a door. The lower portion of tho tower is filled with concrete 
to tho height of 20 feet, with a well in tho centre 8 feet in 
diameter, lined with brickwork. There are seven floors, each 12 
foot high, tho lower two being cased with brickwork, llie upper 
five are lined with sheet iron. Koch floor is furnished with five 
windows, 18 inches square, fitted with yilatn glass. The stoir- 
oases, with the exception of the treads, which are of oak, H 
inch thick, are wholly of iron. Tlio light is visible at a distance 
of upwards of eight leagues. The total cost was under Jg8,000. 

There is a cast-iron lighthouse erected upon the Fastnet 
Book, an isolated crag situated a few miles off tho southernmost 
point of Ireland, and rising 60 feet above' high-water mark. 
The dimensions of tho tower are—height from base to gallery, 
63 feet 9 inches; height of lamp abovo the gallery, 11 feet; 
height of lantern, 30 foot; outside diameter uf baso over the 
stone moulding, 23 feet; outside diameter of cast-iron shell at 
base, 19 feet; outside diametci; below tho comice, 13 feet 11 j 
inches ; thickness of plates at tho base, 1J inch; thickness at 
top, i inch. The mode of construction is nearly identical with 
that at Bermuda. 

When a lighthouse is required to stand upon a soft, yielding 
base, os sand, screw-piles are employed with great advantage. 
There axe several instances of such structures. Ono of tho 
earliest is that at the Maplin Sands, erected in 1841. Tho 
building rests upon nine wrought-iron piles, 26 feet long and 
5 inches in diameter, furnished with cast-iron screws, whose 
blades are 4 feet in diameter. Tho piles are screwed into the 
sand to a depth of 22 feet, leaving 4 foot standing above the 
soil. One pile occupies tho centre of tho building, and the 
remaining eight stand at tho angles of an octagon formed round 
the oontral pile. Tho upper portion of the piles enter the 
hollows of cast-iron sockets forming the lower oitreroities of 
tho supporting columns. Tho central column is perpendicular, 
the remaining eight incline inwards, and tho whole nine support 
the platfonn, house, and lantern. Tho columns are strongly 
braced together by wrought-iron rods, tho braces be’ng hori¬ 
zontal below the water-line, supporting the columns at a point 
midway between the top of tho piles and the bond of the 
aolnmhs; and diagonal from ihe angle of the bends themselves 
to the central column, rising and falling abovo and below tho 
horizontal plane of tho bends. The entire absence of opposition 
to the waves offered by thd columns is a notable and oxocUent 
feature in this form of strnoture. 

In Fig. 44 we give a sketch of the lighthouse erected on tho 
Maplin Sands. 

There are many other lighthonses erected upon piles, all of 
wbieh have stood well. That at the Qunjleet stands on seven 
screw piles, screwed 40 feet deep into the sand. Another, at 
the Point of Ayr, stands on nine piles, screwed 12 feet into the 


sand. ^Thero is a small lighthouse standing upon piles at Muck- 
! ing Beach in the Thames, a few miles below Gravesend. 

I A remarkable and sucoesaful instauee of lighthouse eiigincer- 
ing' occurred some years since at Sunderland. Owing to tbg 
construction of a jetty, tiie lighthouse, which had stood upon tho 
old pier, became useless in that posi^n, and it became neces¬ 
sary either to pull it down and rebuild it upon a situation 
where it would be of use, or to remove it bodily. The distance 
of tho now site from the old was no less than 475 feet, and was 
not in one direct line, and the difficulty and risk attendant 
upon adopting the latter course will readily be appreciated.: 
adopted it was, however. The weight of the strnoture was 
757,090 lb.; it consists of an octagonal tower 64 feet high, 
and 15 feet in diameter at the base; and not only had it to 
traverse the distance mentioned, but it had to be turned upon 
its axis, and tho new site was 19 inches higher than the old. 

The method employed was generally much tho same os that 
employed in tho removal of large masses of masonry, with cer¬ 
tain modifications to suit tho shape of the building. A series 
of openings were made in the base of the tower, and into these 
beams were introduced, united together by cross-beams, so as to 
form a substantial and very strong flooring or platform of oak. 
In order to steady tho tower, a framework of shores or props, 
resting on the platform, abutted against the tower from the base 
to the summit, tho stays being strengthened by crossbeams. 

Tho platform rested on 144 cast-iron flanged wheels, and the 
masonry below tho platform having been very gradually re¬ 
moved, iron rails were introduced below the wheels, and thus 
by degrees the whole structure was made to rest upon tbs 
whouls, which ran on eight parallel rails, laid upon tho pier, 
along which tho lighthouse was required to move. The whole 
' mass was moved forwards along tho rails by iron chains at¬ 
tached to the platform, and wound upon windlasses. The 
entire operation was accomplished in about 134 hours, and so 
successfully that uo interruption occurred in the lighting of the 
lantern, not even for a single night. 


GUILDERS’ QUANTITIES AND MEASURE¬ 
MENTS.—XV. 

nr E. WTNPHAM TARN, M.A. 
n.UMBEK. 

The work of tho plumber consists in the laying of lead on the 
roofs, gutters, etc., of buildings; lining wood cisterns with 
lead; laying down lend or iron pipes for water-supply; fixity; 
cooks, watcr-cloBct apparatus, soil-pipes, pumps, etc. 

There are two kinds of lead used fer roofs and linings to 
oistoma, cast load and milled lead; tho former is now seldom 
lisod, though it is often found on old buildings. Hilled load, 
Vhich is now generally used, varies in thickness, which is 
reckoned according to the number of pounds’ weight in each 
square foot, os 4 lb., 5 lb., 6 lb., etc. - In moMuring plumbers' 
work take tho exact area of tho lead, describing the weight per 
foot, and multiply the area by tho given weight in the abstract, 
which will give tho weight of lead used. In tho bill all sheet 
lea® is brought into owts. and lbs., and tho different parts of 
tho work kept separate. In taking the dimensions of lead 
covering to roofs, sufficient sllowmice must be made for the laps 
and dressings over tbo rolls; and in gutters an allowance is to 
be made at tho drips for turning up the lead. 

In taking the lead linings to cisterns, measure the exact 
quantity of load, take tho run of the soldered angles, and also 
the nailing to the edges with copper nails. Number tbo 
Bolderinga for lotting in pipes, washers, etc., to tbo cistoi^, 
also all plugs, washers and wastes, air-traps, screw or driving 
ferrules, stop-cocks, bib or ball cooks, statitig whether sine or 
copper balls are used, and giving tho size or diameter of the 
boro of each cock. 

All lead pipe is taken by the foot-mn, tho diameter of boro 
being stated, and whether common, middling, or strojig pipe 
is used. Tho soldoring to tho joints, which ore wquired in 
laying or connecting pipes, is generally included^ in the price of 
the pipe and laying ; but solder joints for attaching cooks, etc., 
are numbered, describing the size of pipe. Syphon traps formed 
by bending pipes are nnmberod as extra upon the measured 
length. Trumpet-mouthed standing water-pipes in cisterns ate 
numbered, giving the height and diameter at botiAm; also 
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nambor the lead ecrrioo-boiea eoldored into tho bottom of the 
cistern for tho supply of tho wator-olosot. Tho apparatne for 
water-cloBota are numbered and described; tho D or P traps 
thereto oro numbered separately, and the soil-pipe by the foot- 
nm, describing tho diameter and weight per foot; bends to 
soil-pipe ore measured separately from the straight and all 
solder^ Joints are numbered. The load safe, laid underneath 
the closet apparatus, is measured by the foot superheial as in 
cisterns, and tho soldered joints by the foot-run. 

Pumps are numbered, dosoribing the diameter, and whether 
suction or force pumps, single or double; tho pump-rods for 
deep wells are in lengths of 10 foot with joiutc and brass 
oonplings, and must be measured by the fout-ruu. 

ZINC-WOKEEK. 

Zinc is used in a similar manner and for similar purposes to 
those for which lend is applied, as in tho covering of roofs and 
data, Talley and hips, flasUngs, linings of gutters and oistorns. 
Tho area is measured with proper allowanoe for laps and rolls, 
and if cut away at a slant the fuU width of the widest part 
moat bo measured, and no deduction made for the part cut 
away, as there would bo in lead. The thickness or gango is 
stated as so many ounces to the foot, but it is not brought into 
cwts. and lbs. in the bill, the price being stated at per foot supicr- 
fioiol, according to the position in which it is laid, whether in 
flats, roofs, gutters, flashings, onrrngatcd, etc. Zlno oaves 
gutters and rain-water pipes are taken and billed out at per 
foot-run, numbering the heads, shoes, bends, nozzles, stopped 
ends, angle-pieces, clo. 

GAS-FITTEB. 

The pipes used for conveying goa to various parts of a build¬ 
ing are of two kinds, iron and tin; tho iron pipes being used 
for &e principal part of tho work, and in carrying the gas from 
floor to floor, and tho tin pipes for branching therefrom to the ■ 
bomers and chaudoliora. The iron pipe is in lengths of from j 
4 ft. to 12 ft., and must be measured with an allowance of so 
many lengths : if short pieoes of 2 ft. to 4 ft. are used, they are 
measured separately at per foot, pieces nnder 2 ft. being 
numbered; the internal diameter of the tubing must be stated. 
Knmber all bends, elbows, tees, ci-oss-piocos, connecting pieoes, 
plain or diminishing sockets, flanges, union joints for tin pipe, 
stop-ooeks, nose pieces, oto. Tin gas-pipe is to be measnred by 
the foot length, describing the diameter. Gas brackets are 
numbered and deaoribed, giving tho length of the tube, whether 
single, doable, or treble jointeA Pendants, cbaudeliets, stan¬ 
dards, etc., are numbered and described. 

GLAZIEB. 

In measuring the glass stopped into sashes, sash doors, fan¬ 
lights, skylights, etc., take the dimensions between the rebates, 
if the opening is raotangulor, and the greatest width and len^, 
if tho shape is irregular; bring into superficial foot, desoribiiig 
the size of the acinnres, ud the quality of tho gloss, whether 
beat, seconds, or thirds crown ; if sheet glass, state the number 
of oonoes per foot suporfickl, as well as the quality; if plate 
glass, state whether host or seconds glazing quality, tho size of 
eaoh sqaaio and the thickness. If tho glass has to be beirt to 
a sweep, it is measured extra per foot superficial. • 

Glazing in load quarries, with crown or cathedral glass, is 
taken by tbo foot superficial, including the lead-work and 
copper ties, an allowanco all round being made for letting into 
the groove in the stone-work; and if the heads are arched they 
mi^ be measured the full height by the width, os if square. 
Saddle ban are taken separately, by weight, with tho smith’s 
^otk. 

Hooking out old or broken glass is token by the foot enpet- 
floial, in addition to the stopping in of tho now glass. Also 
obsonting or frosting glass to imitate ground-glass is taken by 
the foot superficial. 

Cleaning windows is numbered by the window, and if in nTna.li 
squares of glass, by the dozen squatos. Grinding or polishing 
tt»e edfSB of plate glass is taken by tho inch-run, and oironlar 
Sotting hr the foot-run. Gloss tiles or slates are numbered 
MSordiiig to their reepeotire sizea. 

PAINTSB AND DECOBATOB. 

The paiuter’s work on deal or other woods must be tuoasnxed 
■epsniit^ fro|a that <m plaster, cement, iron, or other material; 
«■ iupdotting on deal the woric has first to he knotted, and any 


defects stopped, and then primed, after whiob it receives the 
stated number of coats, generally described as so many oiis. 
All large works, as doors, framing, watls, etc., are measured by 
the yard superficial, with an allowanoe for all edges, mouldings, 
sinkings, projections, etc., in taking the dimensions. Carved 
work may be taken by the foot superficial. Skyhghts of large 
size may be measured by the superficial yard, but entered sepa¬ 
rately in tho bill. 

Where tho work has to be cut in on one or both edges, as in 
edges of stairs out for carpets, skirtings, rails; newells, min- 
, water pipes and gutters, reveals, ooruices, staff beads, shelf 
, edges, strings of stairs, etc., it is taken by the foot-mn. 

I The paintings to sah frames is taken by number, dosoribing 
^ the size, and whether ordinary or Venetian. Sashes and coso- 
ments have the number of squares taken by tho dozen, if small, 

: bnt largo squares are taken singly. 

I Iron railings and balusters of stairs have the painting mea- 
I sored, as if it was solid work, tho height by tho length on both 
I sides. 

I fimall articles, as bell-boards, scrapers, shnttcr-bara, chimney- 
I pieces, etc., have the painting to them taken by number and 
description. 

Graining and varnishing is measnred by tho yard superficial, 
except for hand-rails, whioh are taken by tho foot-rnii, tho 
character of the imitation is deaeiibed, and aUu the number ol 
coats of varnish. 

Tlio description of painter's work must iudludo tho number of 
coats laid on, whether finishod in common or extra colours, or 
with a flatting coat; also whether prepared for groining. In 
repainting to old work it must be described as rubbed or 
pumiced down previous to being paintod. 

Staining, sizing, and varnishing to deal, in order to bring ont 
the nattttiil groin of tho wood, is measured by tho superficiul 
yard. 

Writing or painting letters or figures is taken by tlie inch- 
run, dosoribing the height and character of tho letters, and 
whether plain or shaded. 

Gilding is measured by the foot superficial, carved work being 
taken separately; and mouldings by the foot-mn, dosoribing 
the size. 

Distemiiering la measured by the superficial yard, describing 
tho tints used, and if more than one. Imitations of Scagliola 
are measured by tho foot superficial. 

BAPEB-HANGEB. 

The hanging of paper to walls is moasurod by the foot super¬ 
ficial, and tho area thus fonnii is entered in the abstract and 
divided by 5, to bring it into linear yards of paper 20 indies in 
width, which quantity is divided by 12, to bring it into jjieces, 
as nothing loss than a piooe of 12 yards length can be taken. 
Common papers, however, do not nett more than 11 yards to the 
pieoe in the general way, so that a full allowance must be mode. 
If tho paper is hung to new walls, describe the sizing of the 
walls, and hanging with a lining paper previously to hanging 
the decorative paper. If tho walls have been provionsly 
papered, then take the pnmioing, sizing, and stripping with the 
description of the papering. 

Canvas lining over panelled framing, or where the snrfaoo is 
not even, is measnred by the superficial yard. If the paper is 
hnng in blocks, as marbled papers, or if in panels, it must be so 
described, and whether lined, sized, and varnished. 

Borders to paper-hangings are taken by Gie dozen yards, 
nnlesa of superior quality, when they may he taken by the 
single yard. 

Gold or black mouldings fixed upon the papering with needle¬ 
points are measured by the yesd-ron, deaozibing the width. 

We shall now apply tho foregoing rules to taking ont the 
quantities in eaoh of the above-named trades, and then prooeed 
to form an abstract thereof, previously to bringing them into 
bill. , 

FLUUBIB. 

2) 2i 0 I I 711). milled load oa roof. 

IS 0 729 0 


25 0 I I 6 lb. ditto gutters, 

1 a 


I 

J 


37 6 
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105 0 

42 6 

37 6 

13 0 

17 C 

15 0 

45 0 

12 0 

35 0 

IC 0 

32 0 


Ditto, ditto, Upi. 

5 lb. ditto atop floahga. 

0 lb. ditto cistoma. 

7 I'u. ditto, ditto. 

Soldered aoglo to ciatem. 
Close uoilisg with copper nls. 

I iu. strong lead pipo. 

J in. ditto. 

II ill. ditto. 

] ^ iu. ditto. 

10 aod-pipe. 


12 0 
10 0 


24 0 


2) 15 0 


. 2 Bolder jts. to pipe. 

2 ditto, 1-iu. pipe. 

2 ditto, j-in. pipe. 

2 ditto, Ij-in. pipe. 

2 li-iu. lirasB wualier aud iv-sto. 

1 Ij-in. trumpot-sluiiiuJ stiuding wjsto 2 ft. 3 in. 
1 lead aonrioe-box, snldcred. 

1 Ijj-in. ball-cock iiud copper ball. 

1 1-iu. stop-cock. 

1 j-in, bib-cock. 

1 D-tmp. 

1 W. C. appa, 

1 syphon-trap in Ij-in pipo. 

1 brass eratg., solder.vl 
1 tj-in. br. forco-piinip. 

ZINC-W103KEB. 

25 oz. ziuo in Uiits. 


126 0 


21 0 


50 0 


4 in. cavoa gutter. 


2 j in. U. W r. 


No. 2 octagon beads. 2 slinos. 2 nozzles. 

„ 4 stopped cuds to gutters. 

04S-FITTKR. 

0 I 55 0 I 1 in. w. iron welded tubing. 

Ho. 5 short pieces 1 in. w. i. tubing. 

„ 3 bends to ditto. 

„ 2 tees to ditto. 

„ 1 cross to ditto. 

„ 1 oounseting pioco. 
u 1 l-in. stop-cock. 


30 0 


SO 0 


i in. tin pips. 


Ho. 8 i-in. union Joints. 

„ 4 plain brackets, 12 in. long. 

„ 2 ditto, double Jointed, 21 iu. ditto. 

„ 1 plain pendant, with hydraulic Joint, 
n 5-Ught chandelier. 


NOTABLE INVENTIONS AND INVENTORS. 

XXIX.-SIE ISAMBAKD BEUNEL (eontiniuid). 

BT JOHN TIMBS. S 

We mentioned at the conclusion of the fint part of this memoir 
the machine invented by Brunei for making shoes for. tho army. 
After two years’ trial tho manufacture of shoes by this mouhina 
was given np from an economical motive. By this and another 
ppocniation Brunei got into diffionlties, from which be was extri¬ 
cated by a Ouvernment grant of .£o,000, in consideration of tho 
savings by tho use of his block machinery. He then improved 
tho stocking-knitting frame aud tho steam-engine, the manufac¬ 
ture of metallic paper and crystallised tinfoil, stereotyping, and 
tho treadmill. Among other things he invented machines 
for making wooden boxes; for nail-making; for ruling paper; a 
contrivance for catting and shuffling cards without tho lud of 
tho fnigors, produced in rejily to a playful request from Lady 
Spencer; a hydraulic packing-press; aud a process for building 
wide and flat arclics without centerings. In steam navigation 
ho experimented with a boat on the Thames, fitted with a 
double-action engine, and made his first voyage in it to Margate 
in 3814, when hu narrowly escaped personal violonee from the 
proprietors of the sailing-boats. Marino engines and paddle- 
wheels were next improved by Brunei. Ho constructed a 
machine for using carbonic acid gas os a motive power; and, 
assisted by his son, carried on a series of experiments fur mors 
than ten years in the endeavour to bring it to perfeetion. Most 
of tho mechanical difficulties wore overcome; but although ou 
intense power was obtained, and with a very low temperature, 
the economical ailvantagos, as compared with tho cost of tho 
vapour of water, diil not appear to bo such as to compensate 
for the increased cost of the machinery and the usu^ diffi¬ 
culties in it.s use. 

In different parts of the United Kingdom are to bo found 
works of engiiicoring construction by Brand, who thus largely 
contributed to the wonders which in his boyhood ho so ardently 
desired to see. Ills greatest work, and that by which he is 
most jiopularly known, is tho Thames Tuunol, a brick-arched 
double roadway under the river, between Wappiug and Bother- 
hithe. In 1804, two Cornish miners, Varov aud Trevethiok, 
commenced an archway from Botherhi&o to Limehouso, and the 
excavation had reached 1,040 feet, when tho ground broke in 
under the pre.ssuro of high tides, aud tho work was abandoned. 
With such failure before them, fifty-four engineers declared 
it iin])rac.ticable to make a tunnel under the Tliainoa of any 
useful size for commercial purposes. Brunei, however, ro.se 
suporiui to this declaration, and planned a tunnel in 1823, whon 
a ooinpany was formed, and the Duko of Wolungtoa aud Dr. 
Wollaoton were tho earliest subscribers to tho scheme. A 
heiokwork cylinder, Sb foct in diameter, 42 feet high, and 3 foot 
^iclc, was coinmcncpd by Brunei, at 150 f.jet from the Bother- 
hithe side of tho river. Upon this cylinder, computed to weigh 
1,000 tons, was set a powerful steam-engine, by which tho earth 
was raised and tho water was drained from within it. The 
shaft was then sunk into tho ground cu masse, ami completed 
to tho depth of C5 feet; and at tho depth of (>3 foot tho hori- 
lorAal roadway was commonced, with an excavation larger than 
tho interior of tho old Houso of Commons. Brunei eWisod, 
in 1S14, thi.s plan of operation from tho boro of tho Teredo 
navalis into tho keel of a ship, tho perforation of the worm 
being secured at tho sides, and lined with a caicareou.s secre¬ 
tion, 80 as to be impervious to water. With the .aiigor-formod 
head of tho worm in view, Brunei employed .a cast-iron shield, 
oontaining tlnrly-six frames, or cells, in each of which was a 
navvy, who cut down tho earth; and a hricklayer simuHanoonsly 
built up from the back of the coll tho brick arch, which was 
proasod forward by strong screws. Thus woro completed $40 
feet of the tunnel, when tho river burst into tho works; but 
the opening was soon filled up with bags of clay, the water 
pumped out of the tunnel, and tho work resumed. At the 
length of GOO feot, tho river broke in again; six m^ wore 
drowned, and the rush of the water carried Mr. Brunil’s son np 
tho shaft. Tho tunnel was again emptied, but the works were 
suspended seven years for want of funds. 

In April, 1834, several members of tho Boyol Society, with 
Mr. Brunei, one of the vioo-presidents, visited tho tunnel to its 
oxtremo end, and Mr. Brunei showed the whole progress of the 
work, the great difficultieB that had already been overcome i& 
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<»nying the tunnel slwve 600 feet under tlie Thamea; and the 
data be^g .explained upon which the engineer oonfidently antici* 
^ated being aUe to complete this great nndertaldng, if the nocos- 
eary foade were supplied. Brunei, at considerable length, de¬ 
tailed the exertions which had been made to oreroomo the diifi- 
cnltaea arising from tlie irruption of the river, and stated that in 
the course of the work the miners had for twonty.sevcn days 
pushed on the tunnel over a quicksand. 

The mombera of the Boyal Society, after leaving the tunnel, 
proceeded to view an experimental arch constructed on a new 
plan by Mr. Brunei. This structure was built of bricks and 
Boman (»mcnt, and consisted of two semi-arches, springing 
from the same pier, without any support. By this plan an arch 
of the greatest span might bo constructed without centering, 
and demonstrating, as the projector observed, the practicability 
of building a tower of brickwork 50 feet high and 200 feet in 
diameter, and sinking the whole gradually in one mass. By 
this method it was intended to complete the circular and wind¬ 
ing carriage approaches to tho tunnel. It may be interesting 
to observe that of tho two scmi-archea ouo was shorter than the 
oiAer, snd it had been loaded with about cloven tons of iron 
for the previous nineteen months without any sunsiblo change 
in its position. 

Mr. Brunei was not, however, discomfited by catastrophes in 
bis tunnel, though, as Tom Hood sings— 

" Bad is it, worthy of one's tears. 

Just when one seems the most succcEsfuI, 

To find one's self o'er bead and ears 
In difiiculticB most distressful; 

Other great spccalatious have been nursed 
Till wont of proceeds send them on a sholf: 

But thy concern was at the worst 
When it began ito liquidate itself." 

Many plans were now proposed for completing tho tunnel, 
and above A5,000 wore raised by public subscription. By aid 
of a loan sanctioned by Parliament, mainly through the influ- 
ottce of tho Duke of Wellington, tho works were resumed, and 
a new shield constructed in March, 1836, between which date 
and November, 1841, tho shaft at Wnpping was reached, llie, 
new shield consisted of 5,000 pieces, and weighed 150 tons. On 
Moroh 24, in tho same year, Brunei was knighted by Quern 
Victoria,- on Angdsi 12, ho passed through the tunnel, from 
shore to shore; and on March 25, 1843, it was opened as a 
public thoroughfare. On July 26, 1843, it was visited by Her 
Majesty. The tunnel oost about ^454,000, exclusive of the car¬ 
riage deseents. The dangers in the progress of tho works wero 
many; yet, with all those perils, only sovon lives were lost in 
eonstruoting the Thames Tunnel, who^.s forty men were killed 
daring the building of the present London Bridge. At full ti^e, 
tho foot of the tunnel is scTcnty-fivc feet below the surface,'3f 
the water. Brunei Has loft a minute record of his great work 
in Weolo’a “ Quarterly Papers on Engineering.’’ A fine medal 
was struck on tho completion of tho tunnel—obv., tho head of 
Brunei; rev., interior and longitudinal section of tho tunnel. 

_ This was the engineer’s last work. Commercially, it proved 
disastrous, which preyed upon tho mind of Sir Isambard Brrnel, 
though ho lived six years longer, until ho had attained his 
eighty-first year, in 1849, when ho died at his house near St. 
James’s Park. In tho gallery of portraits of inventors at South 
Kensington is on oiigrared portrait of Brunei, from the painting 
by S. Drummond, A.ll.A. As a triumph of engineering skill, 
the tunnel is oomplcto. Brunei’s inventions, and their essential 
nsofulness, show what may bo accomplished by genius, seconded 
I y industry aud indomitable perseverance. 


SANITARY ENGINEERING.—XXII. 

THE 'VEJITILA’nON OP HOUSE DRAINS AND THE DIS¬ 
INFECTION OF BEWEE OASES. 

In a frovious paper we have given some instructions as to tho 
ventilatiAn of pipei*—a subject to which hitherto we are afraid 
pnblio attention has scarcely been sufliciontly directed; and wo 
now have to devote a simihur amount of attention to the ventila¬ 
tion house drains. As we proceed further we shall have to 
bonrider the question of the ventilation of public sowers -, but this 
importMit stEuject has already, from the force of cireumstances, 
fully ocenpi^ed the attention of competent an|;horitioB, and the 


materials with which we have to deal are ready to our hand. 

In the present case it is not so; it is only within the last few 
years, or few months, we may say, that attention haa been 
sufficiently drawn to the matter in hand, although it ia one of 
the most important features of sanitary engineering. 

In olden times—i.e., before the last thirty years or so—^when 
the greater part of our house drainage was oanied by the old- 
fashioned brick-built "barrel-drain,” the porosity of the brick¬ 
work, and the oocasional imperfection of the joints provided, as it 
were, a system of natural ventilation, and although tho subjeoi 
really never had due consideration, the drains to a great extent 
ventilated thomsolves. But now that thoroughly glased imper¬ 
vious pipes are nsod, with all tho rocent improvements in '^eir 
manufacture, this is not the case; and if the matter is not duly 
considered and provided for, the better the character of tho 
actual workmanship of the drainage, tho greater the danger to 
health if ventilation is neglected, as the drains then become so 
many ducts for sewer gas, which is drawn into the house, 
and may, and not unfrcqnently does, exorcise a most pre¬ 
judicial influence on the health of the inhabitants. In rural 
districts, with detached and independent systems of drainage, 
as alluded to in our last paper, the question is comparatively / 
cosily dealt with, as if the reservoir or cesspool is away from 
tho house, and is properly ventilated, no further danger ean 
arise, except from an occasional or accidental obstruction; but 
in town houses, more ospecially largo estal^lishments draining 
into a largo general system, further precautions ore required, 
and os to the method of their iiractical adoption we give the 
following details. 

In Fig. 47 is shown Mansergh’s Patent Ventilating Trap. 
’The section 6 is the pipe from tho sink, drain, or closeti as tho 
case may bo. O is an open grating for surface-water, the 
water-line being clearly shown, and r is the ventilating pipe by 
which the sewer gas is allowed to escape. Objection is some¬ 
times taken to allowing an escax )0 of sewer gas “under the 
windows,’’ as tho phrase goes, as honscs in streets must, of 
course, obtain their light and air from front or bock. The remedy 
in this case is to carry the vciitiliiting pipe up to the top of the 
house—not by any means a costly matter, as a common cast- 
iron rain-water pipe will answer Ujo inirposo perfectly—and the 
sower gases are then discharged into tlio atmosphere at the 
level of the chimneys, whore they arc dissipated in the air, and 
become perfectly harmless. In cases where from peculiarities 
in tho construction or position of the house this is difficult, still a 
ventilator of some sort should always bo provided; and this 
axiom may be safely adopted, that outside tho house sewer gas 
is rarely or never dangerous, hut that it ia when freely admitted 
within that its deleterious effects are felt. And here wo may 
remark that water iios.sesses an oxtroordinaiy power of ab¬ 
sorbing those peculiar gases, and that the waste-pipe of u 
closed cistern may become the means, if improperly constructed, 
of impregnating tho drinking-water of a whole family with in¬ 
gredients whitsh may without exaggeration be called poisonous. 

Wo next give an illustration showing the facilities for venti¬ 
lating a system of drainage at any part of its course, with the 
benefit of using a cane for the removal of obstructions. Tho 
system is known os Lovegrovo’s Patent, and may be employed 
cither with or without a separate ventilating shaft if left open 
at the top. Fig. 48 shows the construction with the venti¬ 
lating pipe, and Fig. 49 without it. 

These arc, of courso, not the only methods in use ; there ore 
many others, but we quote those given as lucidly illustrating 
and exemplifying the principles to be adopted, and we now pro¬ 
ceed to tho second head of our subject—the disinfection of 
sewer gases. This is a question only recently brought b'oforo 
the public in a practical form, and the agent hitherto found 
most efficient, and therefore most generally used, is charooaL 
We quote Dr. Watson on tho rationale of its use 

“ ill decaying animal and vegetable matters give off during 
decomposition foetid and deleteriops (maes, which in the end 
toll as fatally upon the human constitution as the bite of a 
viper, or the most insidious poison known to the onemist. 
These deadly gases beoomo in their passage through charcoal • 
inodorous, and comparatively harmless. The explanation of 
this result is beautiful and simple. 

• “Charcoal is an, extremely porous snbstaneo, presenting' 
throughout its mass an almost incredible amount of surface, 
and upon this depends its power of absorbing various gusos ia * 
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-X. 


BIOGRAPHICAL SKETCHES OP EMINENT 
INVENTORS AND MANUFACTURERS. 

IXXtI.—BENJAMUr EOBIHS. 

BT JAHES &BANT. 

element, and tho point is gainod—that which purhaxia an : This celebrated English mathomatioian, philosdplier, and expe- 
instant before would have proved most hurtful if breathed, bo- rimcntist was born at Bath in the year 1707. Although his 
comes now entiruly resolved into comparatively harmless com- I parents, who belonged to tho Society of Friends, were unable 
binations. Now, as charcoal contains within its xiorea a very i to give him mnoh education, yet so strong was the inborn 
largo proportion of oxygon, amounting to rather more than vigour of his own mind, that ho taught himself varions branches 
eight times its bulk, its el&oiency as a disinfeotuig agent is thus of knowledge, and more particularly the soienoo of mathematics, 
satisfactorily proved, not only in theory, but also practically by of which his friends wished him to become a teacher, and to 
experiment.’’ settle in London. With this .view ho travelled to tho metro- 

There are many ways of employing it. In one of our provions polis, carrying with him a letter of introduction to Dr. Pember- 
papers we gave a sketch of a patent trap invented by Mr. ton, who conceived and expressed a very high opinion of his 
Cottam, the engiuoei, where the ventilator at tho ground level soiontific acquirements. 

was oovered or protected by a layer of charcoal; and we now To prepare himself more fnUy for tho important office of 
proceed with some skotohos of another adaptation of tho same ; tuition, ho perused tho works of tho most eminent mathema- 
priaoiple. Befeiring to the earlier part of our artiulo, recum* { ticions, and while in tho course of those studios bo was led to 
mending tho adoption of a ventilating pipe, we now show how | demonstrate tho last proposition of Sir Isaac Newton’s " Trea- 
tho gases passing up this pipe may bo thoroughly deodorised by tise on Quadratures,” which appeared iu the rhilosophiad 
the intervention of a series of shelves containing charco^ Transadions for tho year 1727. 

(Fig. 50). In the year following Eobins pnbUsbed “ The Present State 

In this A is the upoast pipe from the drain, b the ventilator of tho Bcpub}io of Letters.” in refutation of tho dissertation 
eontaining tho shelves, and £ the i>ipo that discharges the of John Bernouilli on the laws of imx>aot in moving bediof. 
deodori.sed gases into the open air. Those trays may bo re- Tho paper referred to was the production of John, brother if 
placed by a spiral tray, os in the sketch below (Pig. 61), known James Bernouilli, tho famous mathematician of Basle, and it 
as Latham’s patent. Fig. 52 shows the outside apxioaranoe of had lost tho prize offered by tho Academy of Sciences iu I72G. 
tho disinfccling apparatus when fixed complete. Having now brought himself before the world of letters as a 

The above illustrates tho general principle, which is capable matbematioian, Bobins relinquished tho peculiar costume of the 
of many modifications. In a largo pauxier asylum recently Society of Friends, and began to take puiiils; but the gi cat 
erooted at Waudsworth tho object was Bx>eoially xirovi'dod for by activity of hia mind, however, did not permit him to bo satia- 
meana of flues oonstruotod*in the body of tho building, and fled with hia theoretical studios; and singularly enough, for 
carried up to tho highest point of some angle towers, that form one who had been roared in tho peacefnl tenets of Quakerism, 
a marked feature in tho elevation; at the topmost level boxes he began a sorio.s of tho most elaborate experiments in gunnery, 
of charcoal wore provided, through whioh tho sower gases, with tho view of cstabliuhing tho influence of tho resistance of 
thoroughly disinfooted, were allowed to escape into tho otteii the air n]x>n projectiles. Ho also directed his attention to tho 
air. varions branches of a great art that was as yet in its infancy— 

The same roBult may be attained by various othor chemical civil engineering; and ho made soveml tours in the Low Coun¬ 
moans, into whioh our spaoo will not allow us to enter in the trios for the purpose of studying fortification, 
present paper; but iu a later branch of tho subject, the ven- In 1734, on his return to London from one of those fours, ho 
tilation of sowers os distinguished from houso-draius, wo may found tho scientifio world in a state of commotion occasioned by 
probably deal with the question in rather fuller detail. the publication of tlie “ Analyst,” by the learned Dr. George 

Whenever from oiroumstances the outfall of the drainage of Berkeley, Bishop of Ooyno, in which that ingenious author 
any particular district takes place during only a few hours of attempted to refute the Newtonian doctrine of fluxions. He 
tho tweni^-fonr, ample provisions for the ventilation of house further styled Dr. Halley on “jnfidel mathematician,” and ondca- 
draius ate most especially requisite. Wo may instance some of vonrod to provo that mystorios in faith were unjustly objected 
the low-lying dist^dots adjoining the Thames, for which, when to by mathematioians, who, ho thought, admitted mnoh greater 
tho tide is high, tho sewers are what may be called water-locked mysteries and even falsehoods in science, of which be affirmed 
for perhaps more than twelve hours out of the twenty-four; And the doctrine of fluxions was a ijrcguant example. This ocoa- 
tlio recent shortcoming so promiuently brought before public sioued a long and angry controversy betweeu the bishop and 
nolico in the ease of Soorborongh is another exom|)lifisation of many men of soienco. Bobins requested special xmrmission to 
a Htmilor state of tiling. Another point worthy of attention is devote himself to a refutation of tho charge, and accordingly in 
tho foot that the greater x>ortion of sewage water, properly so .1735 he i)abliBhed “ A Disoourao oonoeming the Nature and 
caUod, posses through tho drains during the day only; the the Certainty of Sir Isoao Newton’s Method of hluxione, and 
qumtity xiassing during the night being oomparatively small; of Prime and Ultimate Batios;” but some exceptions that w6re 
while the rainfall only is, of course, about equally dividcif as a taken to this production, even by tho adherents of the flnxionary 
matter of average daring the twenty-fonr hours; althongb system, led him to publish more papers on the same subject, 
storm-waters, as they may bo called, at oortain times of the Tho yoor 1738 found him defending Newton against an 
year fall in such quantities within sometimes the space of an objeotion iu tho *’ Matho ” of Andrew Baxter, tho eminent 
hoiu OP two 03 entirely to overcharge aU ordinary .systems of Scottish metaphysician. In tho following year ho published his 
drainage. ’These, however, ore not much to be feared upon remarks on Leonard Euler’s “ Mechanica sive motus scientia 
Bomtary grounds, as their first action is thoroughly to flush tho analytioe oxposita,” whioh had been published at Petropoli; a 
^drains, and wash away the sewage proiwrly so o^lod, the surplus pai>or on Smith’s “ System of Optios,” and another on Jurin’s 
or overflow consisting for the most part of rain-watoT only, " Distinot and Indistinct Vision,” published at tho end of tho 
which has to find its way^ by degrees, when tlie drains are last of these works. But tho talents of Bobins wore not re- 
overcharged, through tho adjacent ground. stricted to their proper sphere of natural philosophy and mathe- 

We need hardly say that when any system similar to Moulo’s matios; ho took a keen part in the angry and bitter politics 
is introduced, the ren^ks and illustrations of this pax^er do not of the day, and issued throe xmmphlets on the pnblio affairs of 
apply to the oase with equal force, although even then, the tho times, whioh created a groat sensation. 
neoQfmry constructions for the removal of rain, surface, and The first of these was entitled' •‘Observations on tho present 
mbaoil^ ^ater are all the better for dne provision being made Convention with Spain;” tho second was “ A Narrative of what 
lor thrir thorough ventilation. passed in the Common Hall, and the Citiiens of London as^ 

In our next paper we shall take up tho question of the oon- sembled for tho Election of Lord Mayorand the third was on 
Btcuotion of sewers; giving a oertain amount of attention to “Address to the Electors and Othor Free Subjects of Great 
village aad auburbon diatriots, and probably a few partioulars Britain, ocoasioned by tho late Suooession; in whioh is contained 
as to jj^e la|^ imi»ovaiuente in oonatmotios, as adopted in our a Partioular Acoount of all onr Negotiations with Spain, audita 
reoanify eoatplotad metropolitan «yatem. . Treatment of ua for above ten yearn paat." , 


large quantitiea. The oxygen of the air is the great vivifler of I 
nature. The deadly emauations given off by decomi>OBing 
matters are in what is called a low state, of oxi^tion—that is, 
^hey oontain a comparatively small proportion of oxygen; com¬ 
bine them with, or foroe them to take up more of this purifying 
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These pamphlets woio all aBoiijmous; and the first and last , at that time exist in Britain, though oSoers termetl ciril engi- 
wero 60 pungent that they were currently holiered to be the neers had occasionally been attach^ to the Ordnance Department 


production of Mr- Pnltouey, who was then the active opponent 
of Sir Bubert Walpole, and when the latter was ultimately 
defeated by the opposition, Itobins was actually chosen secro- 
tury to the committee of the House of Commons appointed to 
examine into the conduct of that minister! 

In 1742 he published his “ Now Principles of Gunnery,” a 
work of which an account was givou by himself in the I'hdoso- 
phical Magoiiius for the same year. In this book ho concludes, 
from experiments he had mode, that the force of gunpowder, at 


from 1627, when the name of Thomas Budd first appears on the 
list; and the first oulouel-commandant appears in 1802. ' 

Provided with a complete set of astronomioal and other in¬ 
struments for making scientific observations and experiments in 
the Bast, then a remote land and but little known to os, Bobins, 
full of enthusiasm uud ardour, sailed from London on Christmas 
Day, 1749, and after a hazardous and rough voyage be landed 
at Madras on the l-llh of July, 1750. There he immediately set 
about the preparation of plans for the complete repair of Tort 


the instant of its explosion, is thu same with that of an clastic , St. George, and Madras, which had been taken by the tVenoh in 


fluid of a thousand times the density of common air, and tliat 
the clostioity of this fluid is proportional to its density, and 
in Ulustratiou proposea*thc following problem, whioli refers, of 
coui'se, to round shot:— 

“ The dimensions of any i)iece of artillery, the weight of its 
bull, and the qiuintity of its charge being given, lu determine 
the velocity which the shot will aotiuiro from the explosion, 
supposing the elasticity or force of Uin jiowder at the first 
instant of firing to be given.” In the solution of this im¬ 
portant problem ho assumes the two following prliieiplns : — 

‘‘ 1. That the acGuu of the powder ceases a.s soon as it is out 
of the piece. 

•‘2. That all llio powder of the charge is fired and I'onvorted 
into an clastic fluid, before the shot is sensibly moved from its 
place. ' 

“ The.^o assnmption.s, and tiio conclusions above mentioned, 
tmtko the action of fired gunpowder to bo entirely similar to that 
of air condensed a thoi’.sand tiipe-, and from tlamcp it will not 
bo dilli'-ult to determine the velocity of the shot.” Jiobins al.io 
gave an ingenious inclliod of detoriuining by experiments the 
velocity with which any shot move.s at any distance of the 
piec'. it maybe discharged from, by the ado}>tion of a ])eiiduluni, 
a description of w^hich would occnpi too much space. 15y this 
he ascertained that the vcbieily of the common cauiiou-ball 
was 1,(141 foot per second, when fired poitil blank. Ifis work 
also combined an introductory hi.~lory of modern fortifi ‘ation, 
with the invention of gunpowder, and the whole theory of 
gunnery. 

In conseqnonco of a paper having been published in the 
mioi^'qihical TrausaciioiiH against some of his opinions, lie 
was lud to submit to tliat learned body several troutise.s on the 
ro.iistanco of the air, and to exhibit the expoiiuii'iits on which 
they wore founded, in the years 171C and 174(. I<’or tins ho was 
^n^esonted with the gold medal of Sir Godfrey Copley. When 


1744, and hud just been restored to ua by the peace of Aix-la- 
ChapoUc. Tho constitution of Bobins was totally unsoited to the 
climate. In September ho was attacked by fever, and though he 
recovered partially from its effects, ho was unable to work or 
study, Olid fell into a languishing condition, which continued 
until the 29th of July, 1751, when this eminent EugUsb philo- 
eopher expired. thus he hod only gone to India to find a grave in 
the t ’arnatic in tho forty-fourth year of his age. 

By hi.s wiU he bequcatlied tho publication of his mathematical 
worlcs to Ids frieuds Dr. James Wilson and Martin Folkos, and 
they published them in three vols. octavo, in 1761. His “ New 
rrineiples of Gunnery ” was translated into several languages ; 
and they appeared in German from the pen of the illustrious 
Leonard Bulcr, aceompaniod by a copious commentary. This 
work was afterwards translated into English in 1779 by Hr. 
Hugh Brown. Beside.s tho books already referred to, Benjamin 
Bubiu.s wrote u paper on tho height to which rockets will ascend, 
which appeared among the Fkiioso^ihical Transactions for 1749. 


TECHTsICAL DRAWING—LXXTI. 

i. :..VWING FOB BBICKLAYERS. 

I'LaiK BUICX AKCUES. 

Pjlain or rodgh arches are those in which none of the bricko arc 
rubbed to suit tlic splay. Hence the joints which are quite 
dose to each other at tho intrados, are necessarily wider towards 
tho oitrados of the curve. 

"When tho radius of curvature of a briok arch is small—that is 
to say, when it is under or not exceeding three or four feet—tho 
best arrarigouiont is to build two or more four-inch concentric 
brick arches over each other until the whole necessary thickness 
is obtained ; each of those successive rings being built os an in¬ 


dependent arch, without attempting to bond tho upper or larger 
Lord Anson returned from his voyage rouiul thu world, the Bcv. ' arch of any two into that which is immediately below it. 
Bichard Walter, chaplain of thu CeniuHon, lia<l pi-ocuL'd(>d to . Fig. 58S ropiosents a part of a Bemi-oircnliw arch of this de¬ 
draw up a history of the expedition, but it was deemod advisable ' scription supposed to have a span of 6 feet, and consequently a 
to have the whole rewritten by Bobins. It appeared in 1748 racUu-sof curvature of 3 feet, and consisting of four concentric 
with Mr. Walter's name on the title-page. The work went, fo^-iuch-thick arches combined into one arch of two bricks 
however, through several editions, and the fifth wa.3 corrected ' in tbiokness. 

by Bobins himself in 1749. | The bond of brickwork used in any ntch is always judged by 

In tho sumo year he pnblisliod in London " An Apology ” foi; i the appoaranoe which it exhibits to tho eye of the spectator 
thc^defeat of theTCing's troops by the Highlanders under Prince j looking up towards tho intrados or lower snrfaoe of the arch. 
Charles Edward .at Prestonpans; and this paper formed a pre- | Ilenoo in the present illustration, since all tho bricks nsod, if so 


face to ‘‘The Koport of the Proceedings and Opinion of the 
Board of General Officers on the Examination into the Conduct 
of Lieutenant-General Sir John Cn]>o." 

Through tlie iufluenoo of Lord Anson opportunities were 
afforded him of making further experiments on his favourite 
subject of gunnery and all warlike projectiles; aTid through tho 
same kind inflnonco ho procured for the Boyal Observatory at 
Greenwich a second mural quadrant and other instruments. 
The services of Mr. Bobins in science and politics had now be¬ 
come BO prominent and so numerems, and his general reputation 
was so high, that the ministry of George 11. became do.tii'ous of 
bestowing upon him some lucrative appointment. It was accord¬ 
ingly put in his option whether ho would go to Paris us one of 
the government oommissionors for adjusting tho then vexed 
qncstiou of tho limits <of AcAdia (tho name originally given by 
^e French to Nova Scotia and New Brunswick, and, indeed, to 
the whole of tho North American Continent from tlie 40th to the 


viewed, would have tho appoaranoe of stretohers, the whole arch 
is said to be built with stretohers, or in “ strotohing bond,” 
being comimsod entirely of whole bricks laid as stretchers, ex- 
copUng only at the two extremities of the aroh, whore each 
alternate voussoir is a bat or half-brick, without introducing 
which bricks composing a four-inch aroh could not be properly 
bonded together. 

The reason fur building an arch of small radius will) a sorie;^ 
of four-inch rings, and without attempting to bond the sncccssive 
parts into each other, is sufficiently obvious. Tlie joints of su'<h 
an arch diverge so very rapidly from the intrados outwards, that 
if it were built otherwise the brickwork would not be sufiioieTitly 
compact, for at the upper part of the arch the bricks would be 
separated to an extraordinary and inconvenient degree. In some 
cases, headers—i.e., whole-length bricks—are inserted at certain 
distances—that is, where three or four or more bricljs of the 
inner ring cut in with four, five, or more brioks of the outer 


46th parallel), or to be tho Engineer-General to the East India ! ring. 

Company, the minona condition of whose forts required an able | Fig, 589 shows tho unfavourable offeot whioh would be pro- 
eni^eer to put them in a state of defonoe; and the somewhat duced by building an aroh of a small radius in the manner just 
military predilection of Bobins, fatally for himself, induced him j alluded to. From this it will be seen that if the «pan^of the 
^ to prefer the latter. A regular ooipa of militoiy engineers did not axch were 3 feet, the external spaoes between the bricks of a 



396 


THE TECHNICAL BDUCATOH. 


Fig. 

588. 


two'brick-iMok avoh wonid be 2) iiibhea. Those joints^ if filled 
eatiTely with mortar, would be prejudicial to the solidity of the 
work; aud if filled with harder materiale, eueh ae pieces of atone, 
‘alate, or fra^cnta of brick, the aruh would, have a motley and 
unseemly appearance. 

It must be pointed out to the student that althong'h the bricks 
in rough arches are said to radiate, it is their centre lines which 
do so, not their sides; the ends of the bricks are parallelograms 
placed on their narrow ends, and it will be readily seen that their 
sides could not converge to the centre. This cannot be clearly 
represented in Fig. 588, and therefore a few bricks are drawn on 
an enlarged scale in Fig. S90. 

To draw a rough arch, having 
described the two ares between 
which the ring of brickwork is 
to be contained, set off on the 
mner arc the true widths of 
the edge of the bricks of which 
the arch is to be composed, as 
a, b, c, di find the middle of 
each of these spaces, as e, /, g; 
and through these draw lines 
converging to the centre from 
whieh the arcs are struck; then 
the sides of the bricks, ak, b I, 
etc., will be parallel to e h, fi, 
gj, etc. 

In drawing ganged arches, 
the thickness of the separate 
bricks are set off on the outer 
arc, and from the divisions 
lines are drawn to the centre ; 
the wedge form is thus given 
to the bricks, the inner end 
becoming narrower than the 
outer. 

As the radius of the cur¬ 
vature of an arch increases, 
the joints diverge less rapidly, 

BO that the use of nine-inch 
arches formed with heading 
bricks ceases to bo objec¬ 
tionable. 

For example, in a semi-rir- 
onlor nine-inch arch of 12 feet 
span (whose radius of curva¬ 
ture is of course 6 feot) the 
radius of the curve of the in- 
trados is to its radius at the 
extradoB as C feet to 6 feet 
9 inches, or os 1 to . Hence 
tile joints at the upppr part 
of the eurves will not exceed 
one-eighth phrt of the width 
of an arch-hTiok, or about five- 
sixteenths of an inch, which is 
neither inconvenient nor un¬ 
seemly. If the radius of cur¬ 
vature bo greater thon 6 feet, 
the width of joint at the ex- 
trados of a nine-inch arch will 


Fig. 

580. 



3. The brioks composing the vonssoirB of a sine-inch arch of 
the same span and curve may be laid all heading bond, so that 
the transverse section of the body of the atoh will everywhere be 
that represented in Fig. 592. 

In an arch of this description so false headers ore used, nor 
are stretchers nsed anywhere, excepting at the extremities of 
the arch, where they are introdncod in alternate Touseoirs for 
the sake of breaking the bond, the same being dose in the face 
of a wall of this description. 

Hence in a nine-inch arch bnilt all in heading bond the section 
is OB in Fig. 592, but the end elevation is the same as that of an 

arch of ei^aal thickness built 
according to Flemish or Ehg- 
lish bpnd (see Fig. 591). 



OF PLAIN ARCSnS ONE BEICK 
A.ND A HALF IN THICSNE88. 

In this case, if the radius of 
the curvature do not exceed 
three or four feet, such arches 
would of course be built in 
throe concentric four - inch 
arches, according to the rule 
already laid down. In arches, 
however, of greater radius, 
such as from six to eight foot, 
the usual method is to build 
the vousaoira in alternate 
courses of headers surmounted 
by stretchers, and stretchers 
surmounted by headers from 
ono side of the aroh to the 
other. 

Fig. 593 represents this ar¬ 
rangement, which is not only 
an end elevation, hut a correct 
section of the arch thronghout. 

OF PLAIN ABCHEB, AS APPLIED 

TO COUHON SBICN BUILD- 

INOB. 

The plain or rongh arches 
used in common buildings are 
generally concealed from view. 
They are applied under the fol¬ 
lowing mrcumstancea:— 

1. To cover the aperture of 
an oxtcrnal door or of a vrio- 
duw in addition to the orna¬ 
mental arch, which is gene¬ 
rally a mere shell, as has 
already been explained. 

When the arch of an ex¬ 
ternal door or of a window is 
a semicirolo or segment, the 
rongh internal arch follows the 
same form, and no woodwork is 
used in aid of such an arch. 

But when the ornamental 
aroh of an external door or of 
a window is a straight or flat 


be further diminished, so that in a semi-circular arch of 18 feet arch, pieces of timber, called lintels, are laid over the remainder 
span it will acaroely amount to so much as one-fifth of an | of the aperture in roar of the ornamental aroh, and in the in- 


ginch. 

A nine-inch brick arch may bo built according to three 
different methods— 

1. The brioks composing the voussoirs may consist partly of 
headers and partly of stretchers, built according to Flemish bond. 
Fig. 691 represents the end elevation or section of part of an 
arch of this description, supposed to have a radius of curvature 
of 9<feet. 

2. Tl» brioks composing the voussoirs of a nine-inch aroh 
may consist of headers and stretchers bnilt according to English 
bond. In this case the extremities of the arch have the same 
appearance as in the former arrangement, which is likewise a 
doneot section of this method. But the af)peaTanoe of the 
hriok^rk si the intrados of this aroh is different, being similar 
to common English bond In the face of the wall. 


! temal doors of a building these lintels cover the whole space with 
a bearing of about 1 foot or 18 inohos at each end. 

In this case a rough aroh is also nsually thrown over tho 
aperture above the said lintels, in order to relieve them of their 
weight of tho superinoumbent brickwork. 

Tho annexed ont (Fig. 594), repeated from “ Building Con¬ 
struction,” represents the mode in which each rough arches 
should bo formed in aid of a Iidtel. The intermediate space 
between tho bottom of the arch and tho woodwork is filled trith 
bricks and bats out to the curve and laid in mortar. « 

2. Bough arches are used for fireplaces. 

In this case a bar of iron from i to 11 inch thick, and usually 
not less than 4 inches wide, is prepared beforehand snite^ to tho 
form of tho arch, and extending across tho chimney-breast from 
one side to the other, so that it comprehends the width, not only. 
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of (he proposed nroli, bat also of the piers on each side or of part 
of them. 

Upon this bar, the ends of yrhioh are tnmed back in oon- 
traxy directions, and which is (eohnioally caliod a twming bar, 
the arch is built, which bar, however, is not removed like com¬ 
mon omitering, bat remains permanently in the same place in 
aid of the arch. 

3. Bough arches are used beneath the hearths of fireplaces. 

It has been explained in “ Building Construction ” that no 
woodwork is admissible below a fireplace, and that joists ex¬ 
tending in that direotion are framed into a transverse piece of 
timber called tlie trimmer, which is usually two feet distant 
from the chimney-breast, in buildings of importance. Between 
this trimmer and the bottom of the fireplace a four-inch segment 
brick arch, rather leas than a quadrant, is constructed, which 
rests on one side against the upper pert of the tritnmor ; and 
this is tho vortex of the curve. On the other side, which is on a 



level with tho bottom of tho trimmer, it springs with a skew- 
back from tho wall: tho space between tho ton of the arch and 
the under surface of the hearthstone is filled in with brickwork. 
This arch ha-s been illustrated in Lessons on “ Building Con¬ 
struction” (Technical Educatob, Vol. II., page 5). 

4. Rough arches are used bcucath tlie eiitrauces of all build¬ 
ings having nn area to the basement storey. In this case a 
leaning arch is used, which on one side abuts agaiust tho area 
wall, while on tho other it lean? against the wall of tho building. 
Above this arch, and extending partly across the area, and on the 
same 'level with the pavement, or sometimes one stop above it, 
large flag-stones are laid; beyond which a flight of two or three 
eteps, at least, usually leads from that level to tho entrance- 
door of the building. I’ig. 587 (page 384) exemphfies this 
an-angomeut. These arches are technically termed bridgeieays. 


PHOTOG E APIIY.—XI. 

By J. C. Leakb. 

rHOTO-LITlIOaiUPHT. 

ALTHoiraH tho proooss of printing in carbon or pigments, do- 
aoribed in our last paper, has to some extent superseded tho 
photo-lithographio process, tho latter is of so important a cha¬ 
racter, especially when copies of maps or line-drawings ero re¬ 
quired, that a knowledge of the process is essential to the proo- 
ti<al photographer. 'We will therefore devote this paper to the 
consideration of tho subject, ^erely observing that, beside the 
photographio part of the process, it is desirable that the 
operator should possess some knowledge of tho system of ordi¬ 
nary lithographio printing. An ordinary lithographic press 
will be required, with stojes, inking-rollers, and suitable mk. 

One of the most important points, in order to ensure success 
in photo-lithographio work, is tho production of a negative of 
exceeding density and oleamess. The lines must be perfeetly 
• aluup and transpannt, the smallest trace of fog being faW to 


anything like clear delineation. In order to ensure these con¬ 
ditions some variations from the ordinary photographio pro¬ 
cesses are required, and these we will proceed to desoribe. Tho 
collodion should bo one which adheres well to the glass, and* 
should bo rather old. Unless it works perfectly clear in the 
shades it should be mixed with a little dilute tincture of iodine, 
made by dissolving iodine in pure alcohol. Enough of this may 
be added to bring ttio mixture to a dark sherry colour. It 
most also bo allowed plenty of time to settle, and be porfootly 
clear. The nitrate bath should be of full strength—^from thirty- 
five to forty grains of silver to the ounce, slightly aoid, and per¬ 
fectly clear and clean. The exposure should be enough to secure 
a tolerably rapid dovdopmout, as uulo.ss the imago can bo ob¬ 
tained upon one application of the developer there is danger oi 
fogging tho lines and destroying their sharpness. The best 
developing solution is a fifteen-grain solution of sulphate of 
iron with the same proportion of acetic acid, to which is added 
as much alcohol as may bo needed, in order to make it flow 
evenly over tho plato. As soon as the lines of the drawing ore 
visible the plate should bo well washed and slightly intensified 
in tho ordinary way with pyrogallio acid solution and nitrate of 
silver. 

Tho qegative should then bo fixed with hyposulphite of soda, 
and thoroughly washed. It should now be carefully examined 
in order to ascertain that tho image is sharp, well-definud, and 
free from fog. The lines should be perfectly sharp, and without 
the slightest trace of deposit. This being tho case, the negative 
may bo intensified by pouring over the surface a saturaAcd 
solution of bichlorido of mercary, washing, and afterwards 
darkening with a very dilute solution of hyposulphite of soda. 
Should the negative not bo sufficiently intense this operation 
may bo ripeated, when tho film should bo very thoroughly 
woshcil in order to remove all trace of tlie hyposulphite. 

It should bo borne in' mind that for copying drawings and 
maps by this process the negative must be perfectly opaque in 
tho lights a^d as perfectly iransparont in tho shadows, as upon 
thesu two conditions tho whole success of tho work will depend. 
The iicgalivo should bo left unvarnished. The next operation is 
the preparation of tho photo-lithographio paper. Eor this pur¬ 
pose tho ordinary Saxo paper will answer very well, os will also 
that knowm as bank-post. Tlie gelatine is prepared as follows : 

- Take three ounees of fine gelatine, and dissolve in forty 
ounces of hot w.ati'r. Wide still hot filter through worm wet 
fiannel or fine muslin. Bor use tho gelatine must be kept in a 
fluid state by means of heat. If used in a dish tbc first must 
bo placed in a second and larger vessel, filled with hot water. 
Tlio surface of the fluid gelatine should bo skimmed with a slip 
of paper, and tho sheets to bo coated, after being out to tho 
requisite size, bo floated upon the surface, taking the utmost 
ca^ to avoid air-bnVblcs. ‘When coated tho paper may be sus¬ 
pended until dry. Another and excellent plan is to procure a 
sheet of gloss of tho required size, and having immersed it in 
warm waW, to place upon it tho sheet'of paper to bo coated, 
and which has also been damped in water of the same temporo- 
luro. Tho sheet should then be pressed down evenly upon the 
glass by means of the,india-rubber “squeeze” mentioned in 
our iast paper on carbon printing, and tho suporfluous moisture 
removed from its surface. While still warm tho molted gelatine 
may be ponred over tho surface, and tho sheet coated hy tilting 
the plate precisely as if coating a plato with collodion. It 
should then be placed perfectly level upon a suitable stand, and 
allowed to set, which it will do in a few xninntes. 

The sheet may then be slipped off and suspended to dry. 
Tills is an excellent plan where a few sheets only are required^ 
as a small quantity only of gelatine Is emjdoyed, and there is 
little or no w.aste. Paper thus prepared resomWes that which 
has been albumenisod, as it is insensitive, and will keep an in¬ 
definite time in a dry drawer or box. 

Tho sensitising of this paper is effected by immersing it in a 
saturated solution of bichromate of potash. It should remain 
in this for a few minutes, and after removal bo thoroughly dried, 
when it will bo ready for exposure to light under the jiegative. 
As we before remarked with respect to this part of (he carbon 
process, it is well-nigh impossible to give any definite rule as to 
tho time required, but with an average light about five or ten 
minutes will be necessary. 

The next operation is that of inking the iroprcjsion.j^and is 
performed as foUowa(For this purpose too lithographio press 
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trill be required.) Take a clean polished lithographic stone, and 
charge it by means of the litho-roUer with a smooth and per¬ 
fectly ermi c(».ting of Htho-tcansfer ink. The thickness of the 
ink will cause a considerable variation in the result, and can only 
be determined by practical experience. The print should then 
be allowed to soak in cold water for about a quarter of an hour, 
when the oxcoss of moisture should bo blotted off, and the paper 
with the impressed image placed, gelatine side downwards, 
upon the inked stone. The whole may now bo passed through 
the press in the usual manner, using rather less pressure than 
would bo required in the ordinary process of lithographic print¬ 
ing. When removed from the stono the print will be found to 
have received a uniform coating of ink, and the more uniform 
this coating is the sharper and better will be the final result. 

In order to remove the superfluous ink the print should be 
well soaked in cold water. A solution of gum-arabic should 
then bo prepared of rather more than the average strength, 
and to this should bo added a little weak solution of nitric acid. 
Tliis mixture should bo applied to the print with a soft sponge, 
when it will bo found that tho ink may bo readily removed from 
all those portions of tho surface upon which tho light has not 
acted, while it will adhere tightly to those which have boon 
exposed to its influence, tlms leaving an impression in lilho- 
graphio ink upon tho snrfaco of tho paper. All that now re¬ 
mains to bo offootod is to tboronghly clean tho lights by means 
of careful sponging with clean gum-water, after which tho 
transfer print is complete, and may bo laid by to dry. At this 
stage of tho process tho question of sueoess or failure may 
easily be determined. If it should bo found th.it the finer lines 
which lie close together, or the angles formed by Ibe crossing 
of the lines are fiUed up with ink and are not quite sharp, clean, 
and well-defined, then there has probably been too much ink 
upon the stono; while if, on tho other hand, the lines ore clean 
and well defined, but wanting in vigour and in sufficient body to 
transfer themselves well to the stono, tho defect will probably 
arise from the inking baring been insufficient. This latter de¬ 
fect, however, is seldom met with in practice. Tho ink should 
leave tho paper quite freely and easily as well as completely; and 
when this is not tho case, and if there should remain upon what 
shouid be tho unaltered portions of tho film traces of ink in 
patches over tho drawing, in all probability light has reached tho 
paper cither through a defective negative or from some careless¬ 
ness daring tho process. It cannot be too strongly impressed upon 
the operator that tho bichromatod gelatine is exceedingly sensi¬ 
tive to light, and that in all processes wherein this substance is 
employed the utmost core must bo exorcised in order to protect 
it from any extraneous action. In fact, it should bo as care¬ 
fully shielded as a sensitive collodion plate. Should tho linos 
appear broken, and betray an inclination to leave tho paper, it is 
most likely that the exposnro to light has been insufficient^to 
completely niter the character of tho golatiiio, which is cenno- 
quently still partially^ soluble. It frequently happens that, 
while the coarser linos ore bold and vigorous, tto finet ones are 
weak, ragged, and partially obliterated. This mostly arises 
from an imperfect negative. If tho intensification has not 
boon carefully performed, a very fine deposit, almost invisible 
€«cept to the most careful observer, is formed in the Most 
lines, and this is quite sufficient to prevent a proper action ujicn 
the gelatine. 

It may not be out of place hero to remark that the process 
above dcsoribod is not suited for the production of pictures in 
half tint, except tho gradations ere produced by linos or dots. 
For instance, a line-engraving 6r a manuscript may be por- 
l^eotly reproduced; but an ordinary photograph would bo utterly 
UBolese if oopied by these means. Many attempts have boon 
made in this dueotion, and some of the results have been most 
promising, but no process has, up to tho present time, been 
nniformly successful. Those remarks are not intended to deter 
tho operator from experimenting in this direction, but simply 
to prevent bis attempting to copy pictures which, from their 
uneditability to the process, would probably lead to failure and 
disappokitment. 

In eonclusion, we would observe that this process is based 
upon the fact that, while gelatine in its normal state—that is to 
TOy, unacted upon by light—^is absorbent of water and soluble, 
it becomes after that action insoluble and non-absorbent. Thus 
after the exfOBnre under a negative the ftrint is wetted, and water 
isabsorbed in oil the nnalte^ portions, whUe those wUeb have 


been exposed remain dry. Tho fatty ink employed is conse¬ 
quently resisted by tho wotted parts of the surfaeo, while it is 
retained by those which remain dry; thus forming the print 
which is transferred to the stone. There is often little or no 
relief in the impression, and the print is formed through this 
attraction and repulsion of the fatty ink alone. 

Wo have not thought it necessary to desoribo the transfer of 
the print to tho lithographic stone, as that is effected precisely 
as in tho well-known lithographic printing process; but we 
should advise the operator to endeavour to see tho transfer pro¬ 
cess performed before attempting to effect it for himself, as ho 
would learn more in a few minutes fnim actual inspection than 
could possibly be acquired from mere written instruotions, how¬ 
ever elabor.ated. 


MAP AND PLAN DKAWING.--IJI. 

By 0. C. Kino. 

METHOD or COHSTlltlOTINO CHARTS —THE WORK DONE OK 
SHORE-— THE WORK DONE ON THE WATER—ABBREVIA¬ 
TIONS AND C().N'VENTIONALITIES DSED IN DELINEATING 
CHARTS. 

The careful couslruction uf a map of a largo territory, con¬ 
ducted ns we have described, presupposes nn advanced state of 
civilisation iii tho country thus delineated. ^ Exjiericnced work¬ 
men, a jHipulntion not adverse to tho survey, the assistance to 
be derived from government or civil authorities, are all essential 
to accurate work. Tho necessity for it must bo recognised by 
tho people, so that the difTercnt stations may remain nndis- 
turbedvduring tho ox>eratio:is; and tho necessity or value of 
such a map iirosupposes an area well poimlatcd and cultivated, 
and with an nbuiidanco of largo towns and villages, thecom- 
mnnioutioiis between whieli arc numerous enough to render 
movement iirnctieablo and insiieotion of the details possible. 

Dut beyond Iho limit of such countries, there is niur-h to bo 
discovered and mapped, which is useful and nocoss.'iry to the 
inhubitant.s of tho civilised districts. An accurate description 
of tho coast-linos and land adjacent to tho eca arc requisito for 
tho prosoeuli<,n of commercial enterprises, as well as to enable 
vessels to moie with confidence from point to point. For this 
purpose charts or hydrograiihical maps are constructed, and 
those rarely go beyond the immediate coast-lines of tho i.slauds 
or continents. In barbarous countries a survey beyond this 
limit would bo practically impossible, not merely because of 
the opposition of the inhabitants, but more especially because 
of the uncultivated mature uf the land rendering on extensive 
triangulation a matter of cxlromo difficulty, even if it wore 
ricrmittcd by the native.s, or if it were to the interest of the 
nations conoornod in knowing the character of the country, to 
provido tho means for carrying out the work. In these cases 
the const is alone deiiicted, and tho interior of the area cither 
left a blank, ns in usually done with tho African oonttnent, 
or if it cannot bo approximately filled in by local information 
or oven maps, whioh would be done in China or any semi-bar¬ 
barous realm, some few points arc dotormincd by their latitude 
and longitude, and as much of the neighbourhood sketched in 
somewhat roughly ns time and opportunity will permit. 

Tho chart, however, to be useful and reliable must be care¬ 
fully completed, as tho information it has to give can be readily 
pronured; and as moreover tho value of a chart to a vessel depends 
entirely on tho faithfulness of the representation of tho coast 
itself, the accuracy of the soundings taken, and tho exactness 
of tho position of all the remarkable features given by their 
latitudes and longitudes, as well aa their respective distances 
and relative bearings one from tho other, must be accurately 
asoortainod. 

Chart-making is simply the extension of the loud survey of a 
great country, such as wo have imagined, to more distant parts, 
thus completing the delineation of tho remainder of the earth's 
snrfaco; only in these maps woM^al with a bare outline of the 
foreign oountrics or nn imperfect fiUing-in of the interior rather 
than with the careful, laborious delineation of every feature^ 
physical or otherwise, whioh results from a measured base and 
a system of triangulation. Some knowledge of astronomy is 
absolutely required by the operators in this species of irarvey- 
ing, as the distances from one principal point to another oan 
only be determined by their latitude and longitude if far apart-* 
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Instnunents have to bo oonetaiitly adjufltod or oorrootod by 
antronomical obeorvations, and a rough practiual acquaintonco 
-with the poeitiona and movements of the heavenly bodies, and 
the causea leading to variationa both of coinpasaea and other 
inatrumonta, is indiaponaablo. 

The oonatiuction of a chart, then, divides itself into two 
parts—first, the work done on shore j second, the work done 
on the sea. The former ia a repetition of an ordinary survey 
as far as practicable—that ia, a point is first astronomically | 
fixed by its latitude and longitude, cither by means of a sextant 
and the artificial horizon, or by means of n small transit instru¬ 
ment. The sextant is a metallic frame constructed in the form | 
of a segment of a circle, the arc of which is gradiiittcrl in 110 > 
degrees. A movable arm, which is pivoted at the centre of i 
the circle of which the instrument forms a part, extends to the i 
graduated arc, and is capable of being retained in any given ' 
position by a clamping-screw. It is furnished at its uriper or j 
pivoted end with a mirror, accurately fixed by tlie maker so as I 
to bo always perpendicular to the piano in which the arm ’ 
moves and jiarallel to tlio arm, thus partaking of its movement; 
and at its lower extremity on tho arc it has a vernier for read¬ 
ing minutes and seconds of an angle measured, with a small 
motion-screw for careful adjustment, and a microseopo for 
accurate observation. A telescope is fitted in a socket at one 
side of the in-trumnnt, and on the other side of tho frame i.s 
fixed a small glass called the horizon-glass, the lower half of 
which i.s 0 mirror",' and whi'-h is so adjn.slod that its piano 
is perpendicular to that of tho sextant, and parallel to the 
inov»h)i' arm when it is fixed at zero. Coloured glasses aro 
provided, to he uhcd in taking ohservatinns of the sun. In 
usieg it lln“ tciescope is screwed in, and while one of the two 
objects between which tho anglo is to bo taken is viewed 
through the upper or tramsparent portion of the hoHzon-glass, 
f'.e movable arm of tho iustruraent is moved until thu reflected 
iiiiage of the .‘■■eeond ohje<-t is thrown from the inoxablo on to 
the fixed mirror, and the two objects made by a sliglit moticn 
of tho hand t ) coincide. Tho arm is then clamped, the exact 
ef'ineidcnce of the objeela determined by the small motion or 
“ tangent " screw, and tlic reading, wliich is the niigh* between 
the two iioints, taken. The artificial horizon is a small flat 
iron vessel to contain mercury, and is protected from distnrb- 
niice from wind or other causes, by a glas.s shade or cover 
By it the altitude of the sun at any given time can be nsepr- 
t.ainod, tho observer bringing tho imago of tlje sun reflected in 
the mercury, and seen through tho nnsilvered jiortion of the 
horizon-glass, in close Juitapositiqn with tho imago reliccteil on 
the movable mirror of tho arm, and theiieo on the lower por¬ 
tion of tho horizon-glass. It must bo remarked whether tho 
upper or lower limbs of tho sun have been brought into coutact, 
and having the time of observation noted down, Uio latitude 
can bo determined by calculation.* Tho longitude is, of course, 
ascertained from tho chronometer, by meatis of which the dif- 
fereneo in the time at the station and at Greenwich can bo 
aseortaiued. The transit instrument is only used in observa¬ 
tions where time and opportunity are afforded for the work. 
It is simply a telescope mounted on a frame, which must bo 
carefully adjusted in the piano of the meridian, and affords thu 
means of obtaining tho exact time at which certain planetary 
bodies cross tho meridian, and thi-ir distance from the zenith. 
Tims the longitude can bo obtained, or oven, by orrangoment, 
the latitude. 

Prom the point thus determined a survey of as extensive n 
nature as possible would bo made. A base-line, measured 
some few times to ensure approximate aocnzacy, would bo fixed, 
and from it by triangulation the distanoos of tho more promi¬ 
nent objects would bo caJoulated; but as any materials at 


when proctieablo for measuring the angles, and in other cases 
tho sextant. 

Tho work done on the sea, which is the more important of 
the two divisions of the chart, obliges us to use different means* 
of providing our data for ealeulaticm, though tho application of 
these data is in principle the same as in a laud survey. "Wo 
are unable to mea-iarcany ka“e upon the sea from which to 
determine the relative positions of our main points, and wo 
have further to ascertain a new Berie.s of facts, that do not, of 
xoursp, enter into our previous work—tho depth of water, and 
the size and character of rocks or shoals which may bo con¬ 
cealed bene.ith tho isurfacn of the sea, or bo only apparent at 
cert.am times of tide. 

The instmincnts required, tlioreforo, arc tho chronometer to 
calenl.ate longitude, and which is to bo correeted by “ lunar 
dis-taiiccs,"* or other astronomical observations, for its rate— 
that i-i, its variation from day to day, and its error of rate, or 
the error in that variatieii; tho sextant, which has been de- 
seribcil above ; the f-rdinary mariner’s compass for ascertaining 
magnetic bearing.®, wliicli has to ho corrected for its variation 
by taking the true bearing of the sun at noon, and then calon- 
lating the variation accxirding to fixed laws; and lastly, tho 
“ sounding lead,” a lino twenty-five fathoms long, furnished 
with a long leaden weight hollowed at its base, so as to contain 
a little grease, to which sai’d or iK'bbles, showing the cliaraotor 
of the sca-buttom, may adhere. 

The method of procedure is tho same as in a survey on '•■horo. 
Tlie surveying vessel anchored, and with its true place foc.iid 
by observation, forms the principal point to which all others 
are referred. A series of boat®, each containing a sounding 
line and an officer for taking the observation, diverge in dil- 
fi n ut diveetions from it, and at the requisite distances from 
the ®}.ip take angles between it and each other, thus forming o 
rough scries of triangles, which should bo as nearly as possible 
equilateral. These distance.® aro ascertained in two ways : 
either by reading the angle subtended by tho mast of the ship 
from the truck to the ked, and from prepared table® finding 
the base of tho right-angled triangle, which ia the distance re¬ 
quired, or by calculating it from tho velocity with which sound 
is known to travel. For this pmrposo those boats which pro¬ 
ceed on a conrs.i n.s nearlj’ as possible at right angles to the 
direction of the xvi.’id are svlcetcd, and gnus are fired from tho 
X'e.a-,el to give the necessary data, pocket chronometer.® or .stop- 
w.atelie® being employed to detcrnuiic with all possible aeonraoy 
the intervals of time that <l.aji®e between tho moment when tho 
flash of the gun i® seen and the sound of the report is hearxl by 
the ob.®erver. If the boats be large enough, one or more may 
carry small gun®, which, if fired with a high elevation with 
shot, will give a report that can be heard a eonsiderable dis¬ 
tance ; and thus a serlos of result® may bo obtained, which will 
gr.o a satisfactory and tolerably correct moan. If tlie weather 
bo eahn. and tho area to bo examined extensive, beacons oon- 
strueled sf small barrels, with a staff aind distinguishing flag, 
may bo anchored at convenient points; and tbe.so will form 
intermediate stations of greater comparative accuracy than can 
be obtained from the bqat, inffneneed as it would be by tide or 
' winif. Thus tlio data on which tho triangles aro constructed 
' are given by tho position of tho ship, the true “ bearing ” of the 
boats, and tho di-tance calculated by sound; wliilo the nature 
of the'bottom is arrived at by a series of soundings taken on 
I any given “ bearing ” at intervals of about ten minutes, when 
also any alteration in the character of tho material composing 
I tho bottom is carefully noted. 

I Thus tho area of the shoal, if it be one, ia carefully marked, 
I out, and the same operations are carried on in the ease of a bay, 

' a river, or an inlet; tho only differenoe being that tho observa- 


hand, such as a deal rod, or a *' lead line ” used in taking 
sonndings, would bo used to effect tho measurement of tho base, I 
the most important part of any survey, the results arrived at 
would be only approximately true. The work done on shore, ] 
then, ia a rough, generally hSilty attempt at delineation by the | 
ordinary principles of surveying, a theodolite being employed | 

* It must be remembOTOd, in using the nrtifleial horizon, that the 


tinns taken by tho boats are corrected, and the number of inter¬ 
mediate points increased, by taking tho magnetic bearings of 
any number of tho most striking points on tho coast (which 
may be furtbor oorreoted by astronomical observation), and 
where also obsorvera may be landed to take a further serms of 
angle®, and sketch the nature and form of the ofostdine. 
Beacons aro erected at these places when practicable, and even 
rocks may have white marks painted on them for the con- 


angle token is doable the true angle of elevation of tho sun above the 


horizoii, owing to the lefiraction of the mercuiy in the vessel, and tiiat * The " lunar distuneo ” is that between the moon and suu, or auy 
benoo halt the angle measured by the sextant will give the true fixed star or planet lying nearly in it® path. When this k detigmlued, 
slevntiom tho longitude can bo found by colculatien 
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a nbutioal charactor. At the best the delineation of the coaat- 
Une, with aneh inaccurato and nniraetworthy means as can 
alone be employed, can be but approximately corrsut, and only 
the positions of the most remarkable features, as well as the 
Toriation in the depth of the water, can be deemed really 
accurate. 

Even less complete nautical surreys are undertaken ocoa- 
sionally, as, for example, the examination of a coast or harbour 
by a hostile fleet of vessels, whore the distances are determined 


_. Sock with one fathom of 

Current t 

Flood tide (direction of) H; Book nearly awash. 

, Sand thatdriea, with depth 

Ebb fade (do.) of water at hijfh water. 

Kn. Knot* or nantied miles 

j . of water at high water. 

*1 Anchorage tor large vessels.Inside this lino less than ^ 

one fathom 

at m- Do. for small vessels.Inside this lino less titan . 

/ ~ two fathoms # 

0 ^ Do. for coasters .Inside this line less than' 

■s three fathoms (' g 

U-tV. High water . —. —. —. Inside this line less thaui .S 

four fathoms ) 

li.W. Low water ., — „ —., —.. Inside tills line less thou 

live fathoms / 
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by the intervals between the ships, or the measurement between 
any two observed points or times in the ship's oonrsc, by means 
of the log, which gives the rate at which the vessel has tra- 
veUed, and the chronom(>tcr, which indicates the number of 
hoars taken in traversing that distance. 

The information afforded by a chart is first the general onl- 
^ino of the coast, with the positions of the prominent natural 
features inland, which serve, so to speak, as landmarks j and 
secondly, the variations in the doptlis of water, and the nature 
of the beaches or the soa-buttom. The latter is indicated by 
abbreviations of the actual name, as— 

b, blue. It, hard. «, sand, 

tk, blaek. m, mud. «/, goft. 

a trit, broken. oz, ooze. ah, gbolls. 

• c, g, coarse. e». oysters, am,, small, 

ch, chalk. p, polo. gp, gpeoklcd. 

ol, dny. r, rocky. at, gtoues. 

g, gravel. rd, red. «, white. 

, ga, green. ref, rotten. ud, weeds. 

The othe^eonventloaalitiCB used in the deeoription of charts 

are ebArn' at fellowi j— 


Bandy beach 


Bo bottom at this depth. 




Stony beach 


/ill. fuUioms. 
jft. feet. 


F. I. B. Bear a lighthouse ig txed, iutermittout, 

or revolving light spr. springs. 

II. C. B. Vr. Near a buoy is black, cheiinorcd, red, 

or white. tip. nenp-tides. 

The north point is marked in several places on the chart, 
with the variations of tho compass. Tlie value of the lines 
marking tho number of fathoms is especially great in certain 
coses, as, for instance, in the Enf^sh Channel. Ho carofnlly are 
they shown in charts of this portion of the sea, that navigators, 
even if they cannot fix their position by observation, owing to 
atmospheric disturbance, imperfect instr^ents, or other causes? 
can ascertain when they are entering it by sounding; and as 
the lines of equal Boundings arc definitely marked from ooast to 
coast, they can approximately determine their place on tlsa chart 
by knowing between which lines they are then paseing. 
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SHIP-EUILDING.—XV. 

BY W. H. WHXTB, 

FeKow of the Boyal SeHool of KotoI Architecture, and Uember of the 
’ Institution of NariU Architects. 

METHODS OP SHEATHIHG IKON SHIPS. 
PBOPosAiiS were mode many yoare ago to cover the bottoms 
of iron ships with wood planking, and to nail upon that 
foundation copper or other metal sheathing in order to prevent 
foaling and the consequent loss of speed. The plan was not, 
however, used until recently, the first example of a sheathed 
iron ship being found, wo believe, in the swift ocoan-oruiser, 
Inconstant, designed for the Royal Navy about five years ago. 
In this case it was desired to unite 
very high speed with a very power¬ 
ful armament, and with the power 
of keeping the sea for long periods 
without loss of speed. To reach the 
high speed, very powerful engines 
and a very finely-formed ship were 
required, both of which features 
tended to produce extremely severe 
strains that could only bo borne 
without injury by an iron hull. 

On the other hand, to secure a 
bottom that should continue clean 
for long periods, it sCbmcd desirivlile 
to nso copper sheathing; conse¬ 
quently the experiment was tried, 
and BO far the results have been 
satisfactory. Several other vessel.-i, 
including two iron-clods, have been 


possible, and every means taken to make the wood planking and 
its fastenings sound and tight, in order that the skin plating may 
be kept dry. These are two most important conditions which 
ought never to bo lost sight of in building vessels of this class. 

Without further preface wo will proceed to notioe two w three 
plans for sheathing iron ships with copper, taking first one pro¬ 
posed by Mr. Grantham many years ago. The planking is 
wrought in two thioknesaes (see Fig. 4d), the inner thickness 
beiag fitted directly upon the skin-plating, and the outer thick- 
uess beiug fastened to the inner by copper or metal sorew-bolts 
whioh do not pass entirely through the inner planks. The inner 
tbiokuosa is secured without using many (if any) bolts ; a fact to 
which Mr. Grantham attributes much importance. Outside the 
skin-plating /.-shaped iron frames 
(a, a) are worked longitudinally at 
frequent intervals; the inner plauk.s 
are worked in short lengths between 
these frames, and wedges (t, t) are 
driven in over the ends to secure 
the planks. This wedging arrange¬ 
ment has been much objected to by 
many practical sliip-buildors, who 
considor it to afford an insufficient 
attachment for planks to which all 
the outer planking has to 1 h) s-e- 
onrod ; and there seems much force 
in the objection. It is only right, 
however, to odd that Mr. Grantham 
provides for the use of a limited 
number of belts in some cases, these 
being placed mid-way between the 
external frames (like e in the 
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since oonstmotod for the navy on similar plans, but wo are not 
aware that any iron merchant ships have yot been sheathed 
with copper, the expense of such a modo of construction 
having probably prevented its adoption. Zinc sheathing has 
boon tried in a few cases both in the Royal Navy and in the 
Bioroontile marine, and is preferred to copper by some ahip- 
bnilders for reasons which will appear hereafter. 

If a piece of copper and a piece of iron arc immersed in salt 
water, and metallic contact is mode between them in a manner 
resembling that made between the two plates of a galvanic 
battery, galvanic action will be set up and the iron will waste. 
Henoe it is nooessary to use .j^eat prooantions when iron ships 
ore sheathed with copper, in order to prevent galvanic action 
and the oonsoquent deterioration of the iron hull. Allusion 
^as already been mode to the similar caution required in the 
construction of composite ships, so that wo need not dwell 
npon the matter now, simply stating that direct metallic eon- 
tact, well as indirect metallic connection, between the copper 
sheathing and the iron hull should be avoided as much as 

von. rji. 


figure), and secured by nuts and screws to the skin-plating. 
Where the main framing is transverse (as in Fig. 48), Mr. 
Grantham proposes to iilauo the external frames longitudinally; 
but whore the main frames are longitudinal, ho would place 
the outside frames transversely. The principle is the same 
in both coses, and the whole arrangement for securing the 
inner layer of planking is based upon the belief that iron bolt- 
fastcniiig should bo avoided as much as possible, because of the 
probably rapid deterioration of such bolts if tho planking be¬ 
came saturated, and galvanic action should be sot up between 
them and tho copper sheathing. 

To some extent this view is doubtless correct, us experience 
with oomposito ships—having their planking in one tUo^nesa 
and fastened with iron bolts—proves. In such coses tra large 
area of the copper sheathing has its action concentrated upon the 
comparatively small areas of the bolt-heads or shanks, and as 
a consequence their deterioration is often rapid. But the case 
is widely different when two thicknesses of planki^ are used 
and carefully fastened is the manner explained in page *277; 

78 

















402 


THE TECHNICAL EDUCATOE. 


tht iron bolts of tho inner thickness then bein? oomparaitiTely from drilling the holes for the Sloreover, it willbe obrions 
distant from tho copper sheathing, and not nearly so likely to that the two layers of wood planking form a skin poeeesaing in 
suffer by galvanic action or other eausoa. This distinction itself oonsiderable strength, and so efficiently connected to the 
between tho use of one and two thicknesses of planking Ur. iron hull as to be capable of lending it aid to a greater extent 
Orontham does not appear to recognise sufficiently in his orgu- than eon the planking on either of the other plans. Much has 
ments against bolt-fastenings, nor does he note the much greater yet to bo learnt respecting the limits within which wood and iron 
strength to resist working in the sheathed ship. On his plan, so combined may be considered to act jointly; but there is 
too, tho planking cannot bo regarded as adding muoh, if any- reason to believe that nnder'snch strains as may be oonsidored 
thing, to the strength of the ship, because of its oomparattvely of ordinary oocurience, the wood skin of a dip sheathed os in 
slight attachment to the hull. Of oourso, the iron htOl in itseU Fig. 50 would lend valuable aid to the iron plating; and on the 
can be easily made so strong as to require no such assistance; other hand, the plating would probably do muoh to prevent that 
but on the other hand, by arranging and fastening the planking working in the wake of tho fastenings which is likely to lake 
ilifTorontly, it may bo made to help the hull proper considerably, place in the sldn-planking of wood and composite ships. The 
while forming on equally efficient foundation for the copper plating of sheathed ships is usually somewhat thinner than that 
sheathing, as will be shown almost immediately. It should bo of unsheathed iron ships of equal size; but tho difference in 
added that Mr. Grantham also proposed to use brass stems and thickness is nut groat, and the reduction actually made is regu- 
stern-pOBts in shoatlied ships, a plan which has been frequently lated rather by consideration of tbe fact that the planking has to 
conformed to, when other modes of seouiing the plonking have be fastened to the plates, tlion by a regard to structural strength, 
been followed. At tho outset it was stated that the prime object of the wood 

Fig. 49 shows in section the plan of sheathing first used in tho planking was tho prevention of metallic contact or connection 
Government service. The skiu-platiitg is worked directly upon . between the copper and the iron hnll; but one indiioet ad- 
the frames, no liners being required, and the flush edge-joints oi’e vantage gained by the thick coating of wood is tho greater 
secured by external strips (s, s). These are made much thicker strength of the bottom to resist penetration by blows which 
than the plating, in order to permit the ends of the iron bolts, would break through unsheathed plating. Double bottoms arc 
forming the principal fastenings of the inner planking, to be , consequently not so necessary in sheathed ships as in ordinary 
sorowod info, but not through thorn. Midway between the edge- j iron vegsols, and they have not been oonstructod in most ca'ps. 
strips other thick strips (t) arc worked, in order to receive the However the planking may be arranged, care is required in 
screwed ends of additional fastenings; and the spaces between ' caulking both thiolcncr:ses, making the bolts water-tight, and 
the strips are filled up with thin planks seoured by marine glue, j coating tho faying surfaces with some water-tight material, such 
so as to form a flush surfoco, and avoid any necessity for scoring ' os marine glue; in short, no moans should be loft untried to jwe- 
tho inner layer of planking. This is worked transversely, the ! vent the iron plates and bolts from becoming damp, and wasting 
lengths of tho i)lanks extending from tho keel towards the gun- I by rusting or galvauic action. 

wale, and tlie butts being screw-bolted to strips fitted for tho | There have been many other proposals for sheathing iron 
purpose. By these arrangements tho inner ])luuks are strongly ships with copjior, to which reference might be made did space 
secured to the hull, and yet tho bolts leave tlio skin-plating ' permit. One only can be mentioned, which was put forward by 
itself unpierced, so that in cose of an accident which stripped Mr. McLainc, and was most novel in conception. His plan was 
off tlio iilanking the skin would still remain water-tight. The to build the iron ship with frames outside the skin instead of 
outside planks are worked longitudinally, and sccureil by metal ^ inside; then to bolt wood timbei's to the frame angle-irons, and 
screw-bolts kept clear of tho iron fastenings, ajid passing about upon these timbers to fasten wood planking in combination with 
two-itiirds through tho inner idonks. ' a wood keel, stem and stern-post. In fact, his method may bo 

This plan is therefore, at least, as officiont as Mr. Grantham’s ' shortly summed np as a combination of the timbers, planking, 
in provontu:g metallic connection between the copper sheatlling ' keel, etc., of a wood ship, with the skin, decks, hnlkhoods, oto.. 
and tho iron hull; and it makes a stronger and more intimate ' of an iron shiii, the connection between the two being made by 
eonneotion between the hull and tho planking. It involves, ^ the means described. Some high authorities expressed favour- 
howovei-,tho necessity for great care and considerable expense in ; able opinions resi^joting this plan, but it has not, wo believe, 
order to secure thoroughly good workmanship in connection witli ' ever been practic.aliy apxdiod,'«nd it would certainly lead to both 
the fastenings of tho inside planking. For example, in drilling ; costly and heavy ships. 

vho holes in the strips caution is needed to prevent them from ' Attention must next be turned to zinc sheathing for iron ships, 
linssing through tho strips, and no loss care is requhed to cn- ' which has been strongly advocated by many persons in preference 
sure exactitude in boring the bolt-holoa in the planks so that to copper. When zinc and iron are immersed in salt water, and 
tho bolts may bo projierly hove up. For these and other ' the circuit completed by metallic connection between the two, 
reasons tho simpler plan illustrated by Pig. 60 has been used in galvanic action is set up, the zinc wasting while the iron re- 
tho later sheathed sliipi!, of tho Itoyal Navy. | mains unoxidised. Consequently no injury to the hnll need be 

Tho plating is hero worked on the common in-and-out plan, anticipated from sheathing an iron ship with zinc; and in this 
Both thicknesses of planking are wiwkednoiiptudinally, llie edges i respect such sheathing is doubtless superior to copper. It is 
of »trakes being brought upon the centre linos of stmkes over- also much cheaper—about one-third the price of copper; but 
lying or underlying them. The inner thickness is fasten\>d by | tbe question ofits anti-fouling qualities as compared with copper 
iron bolts screwed through holes tapped in tho plating, and ; is not thoroughly settled, and this is a most important one. 
farther secured by nuts have np inside tlio iron skin. Conse- : Copper when immersed in sen-water becomes oxidised on the 
qnently damage to tho bottom, even if it were to strip off tho j surfaoe, and this oxide being soluble is slowly and gradually 
planking, would not bo likely to cause a leak; because the i washed off, so preventing the attachment of marino plants and 
Borewed ends of the bolts wonld most probably remain in and fill ' animals that would otherwise cause foulness of bottom. This 
the holes In the plating. And, in addition, if the nuts were i process, termed “ exfoliation,” is often so very gradual that the 
^ broken off or removed by any mischance, tho holts would still ' copper sheets last for very many years underwater, and yet keep 
hare a hold on the plating. ■' the bottom of the ship clean. Zinc, on the oontroiy, when used 

The outer thickness is fastened in the usual manner by metal ! to sheath the bottoms of wood ships, does not exfoliate like 
screw-bolts passing partially tlirongb the inner planks, and a j copper, the oxide formed upon its surface not being readily 
refetenoo to the outside view in Fig. ,'iO will show how these bolts | soluble, and onusequsntly it does not keep the bottoms so clean; 
are kept eloar of the iron faHonings. A merely oasnal glance at tlio | still its cheapness leads to its frequent use on wood merobani 
arrafigouont may lead to the opinion that this method of aocnr- ! ships, and under those oircumstanoes it lasts for a long time, 
ing t^ inner layer of planking unduly weakens the skin-plating, To render zinc sheathing more Sclent against fouling, it is 
and it & consequently inferior in this respect to the prs- necessary to establish galvauio action by bringing it into contact 
oeding plana. Bui on a closer examination it wUl bo remarked or connection with iron or copper bolts in woM ships; oi in the 
that tiie iron bolts axe spaced further apart, on any transverse case of sheathed ships allowing it to have some contact with the 
scc^m of the plating, than the riveto are whi^ attach toe plating iron plating or other pieces of the hidL Its oxidation then be- 
-toilltoi 'frames; so toat the unavbkMbly weakened seettons in oomes muoh moze rapid, and its anti-fouling properties are 
latter stiQ oontinne to be tlto places where fracture inoreased; but on toe other hand it wastes much more i^idly 
t Jlmoet fiMy to take place, end no real loss of strength results than bMore, and reqairea to be sooner renewed. The larger too 
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snifaoe of z!no and iion in contact the more ra^id' is the waste 
of the zinc; and oo for the chief difSooltiea attendant upon the 
use of zinc sheathing for iron ships have been caused by a want 
of certainty in onr knowledge respecting the regulation of the 
amount of contact between the two metals. '11118 regulation 
should be such os to give an amount of contact just suffloient to 
keep the surface of the zinc clean, so that it should not waste 
too rapidly (because the zinc might then require to bo renewed 
so frequently as to more than do away with its advantage in first 
cost os compared with copper) ; aiid it should provide the con¬ 
tact in such a fashion os to secure a uniform wasting over the 
whole surface of the zinc. Experience may help us to docido 
how these desiderata may be obtained; but at present they do 
not seem to have been scoured, and consequently copper sheath¬ 
ing is preferred. 

Passing from these general considerations, wc will notice a 
few of the methods proposed for sheathing iron ships with zinc. 
One of the simplest plans tried cousislod in securing sheets of 
zinc outside the plating by means of light iron rods riveted 
around the edges of the sheets, and a few small studs placed 
*ncar the centres. This appears, however, to have made the 
surfaces of contact between the iron and the zinc much too 
gi-cat, and as a consequence the latter wasted rapidly, leaving 
the iron plates expo.sed. 

Mr. Daft’s plan for.zinc-sheatbing has attracted much atten¬ 
tion, and has, wo believe, been experimented upon on a small 
scale with some bucccss, but has not been practically applied. 
He Impost’s to arrange the plating very similarly to that shown 
in tfoctioii a. Fig. 34, page 305 ; but instead of bringing the edges 
of adjacent strakes close together, to leave narrow spaces between 
them, and to treat the butts similarly. Into those sjiaccs strips 
of wood would be driven, and to these strips the edges of the 
zino sheets would bo nailed. Tlic Khcets would consequently 
require to be of the same size as the i)lal4'S, uiid their oentros 
would bo secured by a few small studs. Felt or some other 
material of a similar kind is pr<>posed for use as n, bedding to the 
sheets, in order to reduce the aiooujit of contact bcUveen the 
zinc and the iron. Various olijcctions have been raised to the 
structural arrangements which this jdan would render necessary 
—the edge-strips, nnnieroufi liners, and broadir but).-straps that 
would bo needed ; the wont of projau- filling of iron to iron at 
the butt-joints ; tbo greater labour of platir;: and caulking, eto. 
These objections, doubtless, have some force, a7id probably have 
contributed to provciit any ship being Ihna built and sheathed. 

Ill another plan, proposed by Mr. Dell, tlie idating would bo 
worked as nsnal, cxeejit that stiqis of idating would bo fitted 
between the laps of the raised and sunken strakes in order to 
increase the depth of the recesses over the latter. Thin wood 
planking, arranged diagonally, would bo fifTod into the recesses, 
and secured to the sunken strakes by a few bolts. To those 
planks ,the zino shoothing would ho nailed, and would conse¬ 
quently, unless some material were inli.iposod, bo in direct con¬ 
tact with all the outer strake.s of plating; but it is proposed to 
regulate the amount of contact by trial. An alternative propo¬ 
sition by the same gentleman is to plate the ship os shown in 
Fig. 49, and to fit the wood planks between thick edge-strips 
. similar to s, s. The zino sheets would then touch the edge-strips 
only, and their surface of contact would be much los.s than on 
the other plan. Iron nails in the zinc sheathing arc suggested 
as a simple means of incraasing the metallic connection if that 
should prove desirable. So for as we know, neither of thoso 
plans have been practically tested, and it is unnooossary to 
criticise them. 

The last plan we shall describe is now under trial in one of the 
iron-clad ships of the navy. It was proposed by the late Mr. Lung- 
ley, and is illustrated by Fig. 51. The outside plating is work^ 
on the usual in-aud-ont plan; and to seenre the wood planking 
to whioh the zino sheets are nailed, ohannol-irons (a, a) arc 
riveted to the iron skin. The planking is fitted diagonally be¬ 
tween these channel-irons, and the zino sheets consoqnently come 
into direct contact with i^on only at the edges of the channels. 
Mdtallio cenneotion is, however, mode by the nails in the sheath¬ 
ing, these passing tl^ngh the wood and touching the iron 
plates i and the amount of the action sot up on the zino may 
obvion^ bo increased by using iron or metal nails instead of 
zino. Ine experimmt has not,yet extended over a period sufB- 
clentiy long to lead to conolnsive results; but it will pkobably 
do nmoh 'to advanoCCoui knowledge of rite conditions essential to 


the suocessful use of zinc sheathing. Experience of a more de¬ 
cided character is required before ship-builders will be able to 
employ zinc wiili the certainty of suocess ; but should this be 
obtained, the > . viper metal will, no doubt, be extensively used 
instead of cop .__ 


SKv. i vS OF INDUSTllY.—XXIX. 

EklSTOfi. 

■:Y WILWAM watt WEBBTEll. 

One of the m< ■ .incieut citie.-i and ociitres of trade and manu¬ 
factures in til- i niti'd Kingdom, and for a long period second 
only to the n-n ijiolis in commercial and social importance, 
Bristol, though nutNtripped by younger rivals, still t^es high 
rank among tlio 1 owns of Great Britain, and tlio story of its rise, 
pre-eminouee, ami relative decline, forms a singularly interest¬ 
ing and instrTji'livo chapter in the history of English commerce. 
Wc say rclfliii i- dooline, beoauso Bristol has in reality suffered no 
positive decadence, although it has not rooontly progressed at the 
same rate as some other more fortunately-situated towns in this 
oounti-y. There does not appear to have been liny very marked 
fiiUiug off eitliiT ill the enterprise or in thu intelligence of the in¬ 
habitants of this famous city in more modern times; it is rather 
the great oiijiorlunity that has been lacking to them. The 
cniTont of commercial prosperity would seem to have ciianged 
its course, Mul lelt Bristol in an eddy of tbo stream. An ex¬ 
amination of the chief cansos that have contributed to raieo 
Liverpool, for instance, into the position it now occupies, and to 
throw Bristol into comparative obscurity .will show that tlio latter 
could not iKw.-ibly have taken advantage I'f them. Indeed, 
the later trailing history of Bristol, considered in connection 
with that of English towns which have increasid more rapidly 
in population iiml we.ilth, foreibly illustrates the effect Glut the 
introduction of new fndv.stiies csirciscs in determining the 
relative importanco of eommeiTial and manufacturing centres. 
It is to its jiri-iimity to the great maiiufaeturing distriots of Uic 
north of England, as wo have seen in a prerious paper, tliat 
Liverpool is jiriiioipally indebtod for its extraoi'diiiary develop¬ 
ment and growth, Bristol had iiot in its noighbunrhood the 
resources necessary for tho carrying on of such extensive monu- 
fact.iiTing enter].rises as constitute the foundation of the 
prcsjierity of Eiveipool. 

Nothing is known of the origin of Bristol, but under tho 
names Gaer B/ifoand Caer Oder—the latter signifying the “town 
of the chasm," and denoting its position by the “ rifled rook ’’ 
— it is supposed that it con bo tr.aeed to a period as far back 
08 the time <.f the aiieicnt Britons. The Itouians fortified the 
place, »ntid after their Joiiartim. from tho island, it fell back 
into iVjsscssion of tiui native princes, and formed part of tho 
territory of the Clornish Britons. It. is inelnded in the lists of 
fortified and rmineiit tomis drawn njiby Gildiis in thu fifth, and 
hy Nennius in the seventh eentnri : and in .5K1 it was ca{itarod 
by fVidii, King of ^ho West .Sa,von8. Its |ires-ent name is 
generally believed to be a corruption of the Saxon compound 
or Briylit-sfeiea, which means “ a pleasant place ; ” 
but numcrons other explanations of it are given. It wonhl 
appear to have been visited by Jordan., one of tlio monks who 
came to Britain with Augustin ; and ocrioin antiquarians con¬ 
tend that Bristol was thu scene of thu famous coufurouoe between 
the Boman missionary and the British bishops in 003. The 
first oncquivucal mention of the place in history, however, is in 
tho reign of Athelstnn, in the beginning of tbo tenth century. 
Next to London Bristol was the principal port in tho country in 
Anglo-Saxon timc.s. In a memoir of Wnlfstan, the Bishop of 
Woroostor at the time of the Norman Conquest, tho following 
passage occurs “ 'J’hero is a seaiiort town called Bristol, 
opposite to Ireland, to whioh its inhabitants make frequent 
voyages of trade. Wnlfstan enrod the people of this town of a 
most odions custom which they derived from their ancestors,^ 
baying men and women in all parts of England, and expofUfig 
them toJreland for the sake of gain. You might have seen, 
with sorrow, long ranks of youths and maidens of the greatest 
beauty tied together with ropes and daily exposed for s^e; nor 
were these men ashamed—oh, horrid wickedness!—to give up 
their nearest relations, even their own children to zlavef^.” In 
the “ Domesday Survey ’’ the town is called Brigtovo, and it was 
then a royal borough, its governor being a noted merchant, said 
to be of Danish origin, named Hardingo, whose son, Bobert Fitz- 
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bwdinge, ibo first Lord of Berkeley, snooeedod to the gorem. 
meat. In the reign of Williain Bdfas the fortificatione of the 
town were strengthened. Bristol was captured in the reign of 
Stephen by Bobert Earl of Gloacester, the illegitimate son of 
Henry 1., and held by him for his sister Maud, daring whioh 
time the castle was robnilt and enlarged, and made one of the 
strongrest in the country, its walls being about tweniy-five feet 
thick. In this castle Henry II. was partially educated, and 
Stephen was for a short time a prisoner.' About the year 1140, 
a monastery of the Augustin order was established at Bristol by 
Hebert Fitshardinge, which was made an abbey by Henry II., 
md oonti nned t o flourish till the dissolution of the monasteries 
by Henry Vlll. in 1540, at which time its rerennos amounted 
to X767. Fitzhordinge also founded the priory of St. James, 
the church of whioh was afterwards mode parochial, and a 
nunnery was built by Era his widow. William of Malmesbury, 
who died in 1148, speaks of Bristol as “ a very celebrated town 
in whioh there was a port, the resort of ships coming from 
Ireland, Norway, and other countries beyond sea.” Henry II. 
granted the town a charter in 11C5, increasing its commercial 
privileges, and in 1175 he took possession of the castle. Early 
in the thirteenth century a new channel was cut for the river, 
and a new quay, adapted to the extensive and growing trade of 
the port, was constructed. For its time tliis was a remarkable 
engineering work. In 1285 Edward I. assembled a Parliament 
at Bristol. A few years later a Bristol merchant, named Walter 
Hobbo, seized a ship and cargo in the port, belonging to 
a merchant frqjn Holland, but after a long course of litiga¬ 
tion he was forced to surrender both, and pay ^65 for the loss 
he had caused the Dutohman to sustain. The old chronicler 
who relates this incident remarks that it would be “ a thing of 
great danger at those times, and such as might occasion a war, 
to suffer alien merchants, particularly those of Holland and 
Brabant, to depart without having jn^iee done thorn,” which 
is surely a sensible comment so far as it goes. Bristol was the 
seat of a rebellion in the reign of Edward II., and held out for 
four years against the royal foroes. About this date extensive 
manufaetures of soap, cloth, and glass wore carried on in the 
eity j and in the reign of Edward III. many of the weavers who 
had come over to England from Flanders settled in Bristol, and 
materially contributed to its prosperity by making it the chief 
centre of the woollen manufactures of the kingdom. Blankets 
were first made by, and derive their name from a Flemish maiiu- 
faoturor named Thomas Blanket, who, witli his two brothers, were 
among the earliest promoters of cloth-making in Bristol. As a 
matter of oonrso, Mr. Blanket's innovations were opposed by the 
eivlo authorities, who in 1340 fined him heavily “ for having 
oauBod various machines for weaving and making wooUo^ji cloths 
to be set up in his house, and for having hired weavers ai^ other 
workmen for this purpose; ” hut the fine was afterwards remitted 
by a special injunction from Edward 111. After a short time 
the inhabitants of Bristol perceived that the inventor of the 
blanket was a public benefactor, and ho was made bailifl' of the 
eity. He and his two elder brothers carried on an extensive 
home and foreign trade for many years, and from thov; time till 
the disoovery of America cloth was the principal article of com¬ 
merce in Bristol. It was made one of the staple towns for wool 
by Edward III. in 1353, and twenty years later this monarch 
constituted the city a county in itself and declared it free from 
all feudal obligations. As an evidence of the wealth of Bristol 
at this period, it may be mentioned that it furnished 22 ships 
and 608 seamen, a force as large as that contributed by London, 
to the fleet sent to besiege Calais shortly after the battle of 
Creoy In 1346. Bristol was besieged and taken in 1399 by 
Heniy Duke of liancastor, who in the same year asoonded the 
throne as Henry IV. In a charter granted by this monarch in 
the following year, acknowledgment is made of “ the many and 
Botahls seryioes whioh very many merchants, burgesses of our 
town of Bristol, have done for us and our famous progenitors in 
n^y ways wi& their ships and voyages, at their own charges 
anrexpense." 

I>nring the second haU of the fourteenth eentdiy there 
flonriahed at Bristol a famons merchant and manafaotnrer, 
'William Caaynge or Canning, lAe founder of a family to which 
the oi^ waa greatly indebt^. He was twice bailiffi six times 
rflhyor, and thm times returned aa representative of Bristol in 
Fariiatneni In 1396 he fihd, leaving a large ‘fortune acqiUxed 
prinolpslly by foreign tradet the greater part of whioh was de¬ 


voted to oharitsble ohjeots. His son John was alto a merriiant 
of repute, and served the town in the capacitieB of bailiff, sheriff, 
member of Parliament and mayor, and at hia death, in 1405, he 
left a third of his goods to his wife, a third to his ohild^, 
and a third to the poor. Thomas Canynge, the eldest of John’s 
descendants, settled in London, and rose to the dignity of mem¬ 
ber of Parliament for tho City in 1451, and mayor in 1456. 
'When he was sheriff of tho metropolis in 1450, he took part in 
the suppression of Jack Cado’s rebellion, as wo leam from a 
petition addressed to Henry VI. by himself and his fellow-sheriff, 
asking remuneration for the expense, tronble, and danger they, 
had inenrred in *' drawing the body of tho great traitor upon a 
hurdle by the streets of the City of London,” and in distributing 
tho head and quarters as directed; ” the whioh oommandments,’ ’ 
says tho petition, “ were duly executed to their great ohargos 
and costs, and especially for the carriage of the quarters afore¬ 
said, for and because that hardly any persona durst or would 
take upon them the carriage of the said head and quarters for 
doubt of their lives.” Thomas Canynge was considered a man of 
great energy and high oharactor, but hia brother William, known 
as William Canynge the younger, who was bom in 1399 or 1400,* 
greatly excelled him and all his family, indeed, in wealth and 
fame. This was the greatest of Bristol’s old merchant princes. 
By tho mid^e of the fifteenth oontuiy there wore about 06 ships 
and about as many boats belonging the port, and its 
merchants carried on an extensive trade not only with Ireland 
and Woles, but also with Franoe, Bussia, Prussia, and tho 
Levant. 'William Canynge the younger, during the eight years 
preceding 1400, employed on an average 800 seamen in the 
navigation of his ten vessels, which had an aggregate bnrdon of 
2,930 tons. He gave occupation besides to about 100 artisans. 
Several of Canynge’a ships were among tho largest of their day j 
the Mary and John being 900 tons, tho Mary Redmli^e 500 tons, 
and the Mary Canynye 400 tone burden, and the three oost 
him in all 4,000 marks, or considerably more than ^25,000 in 
our money. By a treaty concluded between Henry VI. and the 
King of Denmark, the merchants of Bristol and several other 
towns were forbidden to trade with the inhabitants of Iceland, 
Finland, and other districts subject to the Danish orown; but 
the Danish king made an exception of William Canynge, who was 
permitted, “ in consideration of tho great debt due to tlio said 
merchant from his subjects of Iceland and Finmork, to lade 
certain English ships with merchandise for those prohibited 
ports, and there to take fish and other goods in return.” In 
1449 Henry VI. sent letb-rs of commendation to tho Master- 
General of Prnssia and tho magistrates of Dantzio, inviting their 
favour towards certain English factors establish^ within their 
jurisdictions, and especially towards William Canynge, “ his 
beloved and eminent merchant of Bristol.” Canynge, his 
grandfather, passed through all the higher offices of his native 
eity, and greatly distinguished himself. He was a staunch sujp- 
portor of the Lancastrian cause, tbnd at his own expense built 
“ a stately vessel only for war,” bo nro'toot tho eity against the 
Yorkists. In 1450 he entertained Margaret of A^ou when she 
visited Bristol for the purpose of quickening the interest of the 
western oounties in tho falling fortunes of her husband. Five 
years later, on the failure of the Lancastrian cause, Canynge had 
to welcome Edward IV. to the eity, when that monarch oiiime 
to ascertain how much money could be levied from the wealthy 
merchants of Bristol. Being the richest man in the town, and 
at tho same time the most zealous supporter of the Lancastrian 
house, Canynge had to pay the king 3,000 marks, or abont 
^20,000, “ for the maki^ of his peaoe,” bnt he was also in¬ 
strumental in securing certain important trading privileges for 
Bristol, in return for the money he and his townsmen delivered 
to bis majesty. Dozing hia last mayoraliy, Canynge formed tho 
merchants of Bristol into a gnild, for mutual protection in regn- 
lating the prioes of variona articles of trade and few mutnal 
help in misfortune, whioh althongh repugnant to modem 
economioal polioy, exercised &t that time and for a long period 
after a beneficial influence on the oommeroe of the eity. He 
spent mnoh of hia wsalth on the restoration of the ancient and 
noble ohnrob of St. Mary Bedcliffs, and in 1467, his wife and 
o^dren being all dead, ** he gave up the world, and in all haste 
took orders npon him, and in the year following waa mafle priest 
and sang ^ first mass at Out Lady rif Bedclifle.” It is said 
that Cknyw itas indnoedtotakethis stepin ooneeqnenoe qt a 
prcject offward IV. for finding him anotiiet wife, and exact- 
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iag a luge earn of money fat hie matrimonial agency fee. In 
Cmynge’e time there was a large nnmhor of great merohan'to in 
Bristol, inolnding Bobert Stormy, who lired in lordly style and 
had extensive dealings with the Levant, and the brothers Jay, 
a family that was famous in two generations. In a work written 
towards the close of the fifteenth centnry, we read that in 1480 
'* a ship of John Jay the younger, of 800 tons, and another, 
began their voyage from King’s Bo^ to the island of Brazil, to 
the west of Ireland, ploughing their way through tho sea.” Tho 
ships did not discover the “ island,” although they sailed the sea 
for nine months; but was this a veritable voyage of discovery, 
or is there some mistake in tho record ? 

There seems to be no good reason for doubting that Jehu Jay 
at this euly date sent out ships in quest of a now field for trade 
on the other side of the Atlantic. The Spanish ambassador at 
the English Court informed his sovereign in a dispatch dated 
1498, that “ for the last seven years tho people of Bristol have 
sent out every year two, throe, or four light ships in search of 
the island of Brazil and the seven cities ; ” and if we accept this 
statement as correct, it proves that the merchants of this town 
wore searching for tho New World at least two years before 
Oolumbns made his first voyage of discovery. But whether this 
bo so or not, there is no room for doubting that a Bristol mor- 
chant of Venetian birth, named John Cabot, landed on the 
American continent before cither Columbus or Americo Ves- 

puccio._On tlw Sth of March .Tohn Cabot obtained from 

Henry VH., for himself and his three sons, Sebastian, Ludovico, 
and Sanzio, letters patent for the discovery of new lands, and in 
May of the following year he sailed out of Bristol with two 
vessels manned by a crew of three hundred men, which he hod 
equipped with the help of his brother merchants. On the 24th 
of June ho sighted land, which ho supposed to be Cathay, ” tho 
territory of the Great Khan,” but which turned out to be 
Labrador. In 1498 Sebastian Cabot loft Bristol with a small 
fleet, and after searching for a north-western passage to India, 
explored the North American coast as tar as Chesapeake Bay. 
The Cabots mode no profit out of these expeditions, but at a 
later period their townsmen established a trade with Newfound* 
land that largely contributed to the prosperity of Bristol. On 
tho visit that he paid to Bristol in 1487, Henry VII. marked his 
sense of the wealth and luxury that prevailed in tho city by im¬ 
posing a fine on such of the citizens as iKtssessod property to tho 
value of i:20, on the pretext that the ladies dressed in too 
gorgeous and costly robes. The kings of England in those times 
resorted to peculiar methods of raising money. 


MUSEUMS: THEIR CONSTRUCTION, 
ARRANGEMENT, AND MANAGEMENT. 

ET BAUfEL HIUHLET, F.O.S. 

IX.—NATIONAL MUSEUMS (continued). 

FBOjr'wbat has been stated in previons articles it will be seen 
that the severance of the natural history from tho antiquarian 
and bibliotheoal collections of the British Mnseum will afford 
ample space for tho time being, in the Bloomsbury building, for 
the development of the colleotions illustrative of human hin- 
tory, which should include selected specimens from tho Tower 
armouries, Meyriok collection (i/secured to tho nation ?), Wool¬ 
wich Arsenal, and Indian Museums. An extension of the National 
dallery building would allow of the soulpturo and pictorial 
art treasures being arranged in such manner as would best 
illastiato Art, and extend a sound knowledge of its principles 
among tho peoide. Practical Art and Economic Scierre should 
find a place in their recognised home at tho South Kensington 
Museum, in association with a teaching staff at the Science and 
Art Schools, while Natural History in its purely soientifle 
aspects would find ample space for its full development accord¬ 
ing to modem ideas on the site now secured for the Now 
Museum, to the south of the^yitomational Exhibition. Were 
the Economic Collections of tho Kow Museum brought into 
asscciation with the Mnseum of Praotioal Geology and the'Food 
Oolleotiqns Boft& Kensington, the Botanic Gardens at Kow 
would afford the ooUection of living plants desired by the 
' memcriaiiats of 1888; and it might be a question whether 
Government should not assist the Zoological Society with an 
annual grant, on the condition that the living animale ehonld be 
.trouped in more eyatematic order, and that that powerful aid 


to a knowledge of the habits of the invertebrata, the aquarium, 
should be re-organised, according to the latest experience, as 
developed at the Crystal Palace by that enthueiastio praotioar 
naturalist, Mr, Alford Uoyd, for in its present condition the 
aquarium house is a disgrace to the gardens of the Zoological 
Society. 

I shall devote the remainder of this article on our soienoe, 
and antiquarian collections, to a description of the probable 
arrangement and management of the new “ National Museum 
of Natural History,” under the directorship of Professor Owen, 
as a type of what might serve as a model for other oountries. 

A National Museum of Natural History should comprise two 
separate buildinga. One should be devoted to an elementary 
series forming an epitome of tho leading principles of natural his¬ 
tory, so constructed that it would provide for the general public 
being admitted not only during the hours of the ^y, but in the 
evening, for tho benefit of the working classes and others en¬ 
gaged in business during tho day. The other building would be 
devutod to the scientifio or classified collections, and should bo 
constructed so os to provide for tho convenience of the general 
public, and the special requirements of students and scientific 
naturalists between the hours of ten and four. The two 
buildings should be suffioicutly isolated, to provide against the 
destruction of the Scientific Museum, should a fii-e by any acci¬ 
dent arise in the Elementary Mnsoum. It would therefore bo 
better to place tho Elementary Museum at one end, rather than 
in the middle of tho buildings, as proposed in Professor Owen’s 
plans of 1859 and 18G2; for though such a disposition may 
appear more symmetrical from an architectural aspect, in tho 
event of a fire occurring in a central structure —the Elementary 
Museum being the only part whore artificial illuniiiiation should 
be admissible—the destructive element would literally be pro¬ 
vided with two strings to its bow, anAtlie difficulty of confining 
a conflagrntiou to its narrowest limits would bo materially in¬ 
creased. The smaller building might be called the “Indo. 
Museum,” or as Professor Owen uonsiders a circular structure 
would bo tho most oonveniont form, os it " admits of tho most 
economic and effective supervision ” for an introductory scries, 
tho “Eotnnda of Elementary Natural History ” would provide 
a designation that would perfectly define its aims. 

Estimate of Space.—On tho first announcement of Professor 
Owen’s sohciuo for a now Mnseum for the British Natural His¬ 
tory Collections, muuh misconception prevailed, and even pre¬ 
vails to the present ilay, as to his real ideas on the subjeot, 
which may have arisen from misstatements of his views, similar 
to that made by M r. Gregory when ho iiunouncod in Parliament 
that a gallery of S.'iO feet in length was proposed to be devoted to 
whales. Tlio truth was, that 850 feet was specified in the plan 
of 18.59 as tho entire length of tho “ Mammalian Gallery,” but 
the tcriost schoolboy ought to know that the single order Cetacea 
does not constitute tho entire class Mammalia. Yet this gross 
misroiireseivtatiun led to Lord Palmerston's iirotest against the 
admission of wh.alos into our National Mu-scum, and making tho 
quaint suggestion for tho excision of the cetaceans out of the 
scheme of Nature. ' Now that science is being taught in our 
groat public schools, such as Eton, Rugby, Marlborough, Win¬ 
chester, and the masters arc desirous of teaching it still more 
extensively on tho soundest basis that our scientifio educa¬ 
tionists can indicate and proctiixil experience establish, we may 
ho^ in future doys to be saved from such lamentable displays 
of Ignorance on the most elementary conceptions of the aims of 
the naturalist, under the roof that covers “ the ooUeotive wis¬ 
dom ” of our country, by those who would patronisingly pat an , 
Owen or a Huxley on tho back as “ men fond of beeties.” Pro¬ 
fessor Owen’s scheme has been regarded as “ extravagant" 
both as to idea and cost, if carried into execution; but when 
tho keepers of the several departments came to make estimates 
of space for their individual requirements, it was found that 
their demands exceeded those originally made by Professor 
Owen in 1859. , 

It will be found that Professor Owen always has Bpo||er/ in 
his printed reports and works as to the necessity of the curator 
being guided by,“ the principle of selection ’’ as to what sjieci- 
mens wore best suited for public display, though he enforces tho 
necessity for the skins and skeletons of- all large animals being 
arranged in the public galleries, as unwieldy speoimtns oquld 
thus be more conveniently examined than if kept packed in 
boxes, etc., in the store-rooms or studies; for though boxo^ 
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drawers, eto., may be a convenient and practical axrangeinent for 
espedinenB of birds, bats, and “encb small deer,” the system 
does not hold good for bulky or pachydermatous anim^, as 
common sense indicates. On referring to the tabular form given 
at page 320, under the column headed "Estimate of New 
Hnseum,” it will be seen, that according to the returns of the 
keepers of tho several departments, based on the data hud down 
by Professor Owen, previously defined, a gallery length of at 
least 7,400 feet by on average width of 50 feet, together with 
an area of about 300 square feet for an Index Museum, is essen¬ 
tial for the proper display of any National Collection of Nhtural 
History; or on entiro area of 322,100 squaro feet, equal to 
about seven and a quarter acres, and add, as Professor Owen 
says in his Beport of 1862, " for architeotursl requirements, for 
light, access, galleries, balls, symmetry, and ornament,* say three 
acres, and the whole would call for a building of two storeys upon 
about five and a-half acres of ground.”t This, says Prafessor 
Owen, in his edition of 1862,1 "is scarcely one-sixth tho sizo of 
the Exhibition Building of 1862, for tho arrangement and dis¬ 
play of tho samples of industrial products of the present gene¬ 
ration.” “ One mile of gaUeries stored with examples of crea¬ 
tive skill may leave the travensor aomewhat wearied, but 
tboaaanda gladly court tho greater fatigue of six miles of 
gallery stored with the works of industry of all nations.” 

Professor Huxley, in hia examination bofore tho British 
Museum Parliamentary Committee,§ stated that he considered 
aix aueh rooms as the Ornithological Oallory in tho British 
Museum (which is 300 feet long by 45 feet wide), “ with appro¬ 
priate ofiloos,” would afford ample apace not only for the exist¬ 
ing zoologic;d collections, but also for future additious for fifty 
years to oome. This would only amount to a gallery length 
of 1,800 feet, or 2,600 feet less in length than estimated by tho 
officers of tho British Mifteum. By reduplication at the ends 
of the rooms, the absolute length of wall-cosos (having a depth 
of 3 feet) in the Omithologio^ Gallery equals 900 feet, and tho 
floor-space allows of two rows of table-oases 10 foot long by 4 feet 
7 inches wide, with an allowance of 3 feet space between the 
oases. 8uch a Zoological Museum (wifhouffhe appropriateoffices!) 
would not cover more than 2 acres of ground. As an illustra¬ 
tion of the ratio of spoounens required for public exhibition on 
the typical system, Prufoasor Huxley considered tliat 1,600 
spooies would be a very largo ollowonoe for the needful illustra¬ 
tion of ornithology as to form, colour, and structure, and that 
tho male, female, and yonng, different ages or varieties of the 
same animal need only be exhibited, where any law, fact, or 
oonsiderable truth could be illustrated. “Every/act of variation 
should be properly illastrated, but every variety, suy of tho class 
of birds, should not be exhibited in the public galleries.” Tho 
estimate of that practical curator. Professor Agassiz, for'^ths 
Museum of Comparative Zoology of the State of Massachusetts, 
not only confirms, but excoodis that mode by Professor Owen, 
as for tho illustration of zoology solely, he required and secured 
"an oblong square of about fiivo acres,*’ on which galleries 
having a collootive length of 6,000 feet by 50 feet wide have 
boon built. Wo may therefore assume that the e8tim%te for 
space for tho Now Museum of General Natural History is not 
founded on extravagant ideas or on unsound basis, when two 
sneh eminent naturalists as Professors Owen and Agassiz, who 
have devoted tho greater part of their lives to the details of 
Mnsonm araaugemonts, independently arrive at such a close 
appaoxlmation to tho same oonolusion; and I believe another 
praotioal oniator, Professor Flower, Conservator of the 
* Maseum of the Boyal College of Surgeons, also considers the 
space speoifled in Professor Owen’s Report essential for the 
proper elaboration of the National Masenm of a great, wealthy, 
and intelleoioal potmtry. Now that the desired ten acres nt 
groond has been acquired, Hr. Waterhouse’s plans approved, 
and ^635,000 voted for the erection of the Musenm, it is to 
be hoped the bnilding will be proceeded with without fo^er 
• 

* la sn srUole eantribntsd to the 6ard«n«r's Chronicls (page 74B, 
vel, tor 1SS8) Dr. Hooker sogaMts the sdvantsge of a grass-plot being 
laid roaadaMuMuai.as "it not only cools andmoistena the impending 
atmoaphese, hut meohaidceny rateina the dust swept off entTOuading 
otjeota by gaiteoe eqmntt.” _ 

t VariMmatary Pepam, Tol. 18*4. 

i "(bi the fixtMit aad Alas," ai^ previously dtsd. . 

{ See Psi^ameBisiy Papara, TA xVI., 1860 . 
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delay, for it is to be regretted the'debate of 1866 has had th* 
effect of postponing the decision of Government on stuffi an 
important question for a period of twelve years. 
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XEAD (continued). 

ASBAVIKO—SMSUTIJia—THEOBT—BMBLTINa IN MKTKBBBIlA- 
TOET FCBNACES AT ONE OPEBATION—CALCIKBBS—FLOW- 
INO POBNAOE8—THE ORE HBAETH—BLAO HEABTH. 

In North Wales a fiat iron boson with a lip is used, and if 
the ores are rich they are reduced in this without the addition 
of any flux whatever, but if poor a little carbonate of soda is 
added. The bason is covered with a close-fitting iron lid, and 
then pat into an open forge for five minutes. By that time the 
greater portion of the metal is separated, and a soum, or slnriy 
(as it is there oolled), is found to cover the sorfaeo. This is 
pnahed to the back of the bason, and as soon as the slurry has 
sufficiently solidified the load is poured ont into a mould. The 
slag is then re-heated for about an equal time, to freo any metal 
that may have become mechanically suspended by it, and tbi« 
is then poured out as before. Tho sum of these two meltings 
will give with great exactness tho quantity of metel in the ore. 

If earthen ornoibles are used, some smml pieces of iron, or 
WTonght-iron nails, are put into tho oruoiblo, oore being taken 
that they reach to the bottom, or else some of the sulphide may 
escape decomposition. All tho pieces of iron must bo withdrawn 
before tho contents of the crucible are allowed to cool, or they 
will become fixed in the lead. 

Any silver that may bo present in the ore, will be found in 
the button of lead weighed by tho assayer, so that tho result 
must not be understood to represent the per-centago of pure 
metal, but of the argontiforoua lead. In a small sample, such 
as 10 ox., which is a common quantity to bo assayed at a time, 
tho silver will only be represented by a fractional quantity, as 
0*1 por oent. of silver is equal to a yield of 32J ounces to the 
ton. The somo remark will apply to the gold; but it scaroely 
ever happens that it amounts te an appreciable quantity, even 
in an assay balance of tho most delicate conatruotion. Sulphide 
of antimony, which is not an uncommon ingredient of lead ores, 
will in like manner affect the result of tho assay. If copper is 
present, about one-third will probably find its way into tho 
metal, the remainder being aptained in tho slag. Iron will not 
affect tho assay at all, as the whole of it will pass into the slag. 
Zina and arsenic, being both very volatile eubstances, will not 
interfere with tho calcffiations of the assayer. 

At many of the great lead mines, such as those of Mr. W. B. 
Beaumont, at Allonheads, the reduotion-works are on the spot, 
and form part of the same establishment, so that tho ores 
obtained from them do not come upon the market; but \vhere 
the ores have to bo sold to smelters,,this is generally done by 
ticket, upon the same plan that tin and copper ores are sold in 
Cornwall and Swanaea. The orgentiferoua ores, whioh term 
includes all those whioh contain aufficient silver to covet the 
cost of separation, are of oonrse assayed for both metals, and 
fetch a corresponding price. Anything above from two to three 
ounces of silver to the ton will repay the cost of desUverisation. 

The smelting of lead is a oomparatively simple process theo¬ 
retically, but it win be seen from the following descriptions 
that in practical operation there are a great many details whioh 
call for the exercise of ingenuity, and which also involve a very 
heavy outlay for plant. 

The theory of the process oonsista in converting the ore, which 
is the sulphide of leiul (PbS), into either the oxide (PbO) or the 
snlphate (PbS 04 ); and then fnaing either or botit these with a 
quantity of the unchanged ore in oertain proportiotu whioh will 
yield metallio lead (Pb) and Bol^nrouB acid (80g). 

The following formnlm will iuftw what relative proportions 
will give the best result; that is, will liberate the whole of the 
lead in the ingredients. No other proportions will be found te 
fulfil this oon^tion;— 

2 of oxide to 1 of snlpUda (2PbO -i- FbS » SFb + SO,). 

1 of sulpbate to 1 of sulpUde (PbSO* -f PbS *. 2Fb -«■ 280,). 

1 of sulphate aad 2 ot oxide te 2 of la^hlde (PfaSO, + 2FbO 4- 
BPbS « «Pb + 8S0,). , 

Li praotioe, of conns, esaot results like these cannot be at- 
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tuned: flntly, beoanee ttfon of the ingredients ere perfectly 
pore i secondly, becanee there is always more or less reaction 
between them and the materials of wMch the fnrnace is corn* 
posed; and thirdly, becaose lead is easily volatilised, and a 
constdcxable portion of the metal passes away in the fnmes. 
Owing' to these unavoidable sources of error, it is found that 
there is nearly always on excess of the oxide and snlphate, 
and, therefore, that the proportion of lead represented by the 
nndeoomposed portion of them is left unreduced. 

Almost all the load works in this 
country ore conducted upon the 
principle of this doable reaction; 
but there are different modes of 
carrying it out, which will have to be 
noticed separately. At many of the 
Continents establishments, especi¬ 
ally where the ore consists largely of 
silicates, the lead is reduced by the 
direct action of metallic iron—on 
application on a large scale of the 
principle described abovo for the 
assay of lead ores. 

To return to the English practice. 

Tlicre ore two kinds of fnmocos used 
—the rovorboratory and the blast 
furnace. Tho ulo of the latter, 
called tho “ore hearth,” is almost 
confined to the northern counties 
and to Scotland. 

The reader will ere this bo so 
familiar with tho ordinary arrange¬ 
ments of the former that a length¬ 
ened description will be unnecessary. 

Ono reverberatory furnace may be 
mode to yield the metallic lead from the dressed ore at a single 
operation; but in some works tho calcining of tho oro and tho 
subsequent reduction of the metal arc conducted separately in 
their respective furnaces. 

Tho entire operation, according to tho first plan, is accom¬ 
plished in 4| to 5 hours. The hearth of tho fumooo is made 
to slope down from each end and the back, to 'tho centre of the 
front side, which part is connected by a pipe with a bason for 
tho molten metal outside the furnace, similar to that used in tho 
smelting of tin. Tho 
sole or hearth is made 
of old slag broken up, 
and heated suiBoi- 
ently to enable it -to 
bo beaten down into 
a solid mass. Tho oro 
is supplied through a 
hopper in tho roof, 
and there are usually 
three working doors 
on each side of tho 
furnace through 
which the furnace- 
man and his attend¬ 
ant work the oharge. 

The 'temperature of 
the furnace is only 
moderate when the 
charge, say 20 owt., 
of ore is introduced 
through the hopper. 

The assistant immediately spreads it evenly with his rake over 
the hearth. Then the fumaoe-man skims off the slags resulting 
from the previous oharge, which overlie the lead -n the bason 
outside, and throws them into the fumaoe by the working door 
furthest removed from th * fire. The metal from these slags 
soon runs do'wn and flows tihxongh the pipe into the bason. A 
second skimming takes place, and the slag is thrown into tho 
furnace as before. While the assista'n^t at the back is attending 
to the present oharge, the fnmace-mon ladles the 'lead from the 
preceding one out of the bason and pours it into the pig-moulds. 
At the end of two hours, during which time the temperature of 
the furnace has always been kept at only a dull rod heat, and a 
plentiful supply of air bos been admitted by the working doors, 


the roasting or caloination of the ore is complete, and the second 
process, or . smelting, begins. In this the fire is increased and 
the doors closed, so that in half an bonr the fnrnace will he 
up to a bright red heat, and the lead will be found flowing 
down towards the middle. The slags are then raked up to the 
ends and spread ont, and some quicklime is thrown in upon tiie 
lead. The oharge is then well worked by both the smelter and 
his asBistant for about half an hour. The furnace is next allowed 
to cool down a little, after which 'the process just described ia 
repeated twice, the temperatnre each 
time being raised rather higher 
- than on the prooeding. The tap-hole 
is then pierced, and tho lead is al¬ 
lowed to run out into the bason. 
Tho slog which remains behind npon 
the sole of the furnace is poorer in 
quality than that which flows with the 
lead into tho bason, and is raked out 
by the assistant and put on one side 
for subsequent treatment by a sepa¬ 
rate process. 

The result will prtbably be about 
IS to 16 owt. of metal, as it is nsnal 
at most works to mix tho rich and 
poor ores together, so as to make a 
fair average quality of material. 
This plan has not only the advantage 
of rendering tho working of 'the fnr- 
nooo regular, but the poor ores serve 
as a flux to tho richer, and so render 
the use of an artificial one unneces¬ 
sary. From 1 to 2 cwt. of lime is 
used to make tho slags drier or less 
fusible, and the coal consumed for 
each charge trill bo about 10 cwt. 

During the calcination the free admission of air causes the 
partial oxidation of tho sulphide, so that the contents of tho 
furnace at tho close of that stage of the process will more or 
less oloBcly agree with one or other of the formula given above, 
and contain all tho clcmonts for the double decomposition ropre- 
Bontod in those equations. 

In Cornwall and some other parts, the caloiner and the flow¬ 
ing fumoco are separate. They are both mado on the rever¬ 
beratory principle. 
Tho sole of the for¬ 
mer is flat, and there 
is no special feature 
connected with it to 
call for particular re¬ 
mark. That of the 
flowing furnaoe is hol¬ 
lowed towards the 
part opposite tho 
channel through 
which tho load flows 
into the bason. The 
rich and poor ores are 
mixed together prior 
to calcination, so as 
to yield a mixture 
containing from 65 to 
70 per cent, of metal. 
The roasting then 
proceeds gradual^ 
for about eighteen 
hours; tho oharge is raked over every hour, and a little lime 
is added from time 'to time to prevent the ore from clotting. 
Tho calcined ore ia spread evenly over the hearth of the flowing 
fumaoe, and then 'the doors are closed and the heat got up for 
two or throe hours, by which time tho fumaoe will bo ready to 
be tapped. This having been done, some lime is then ^rown 
over the slag, and a little scrap iron introduced; tire t&mooe- 
doora are again closed, and the temperature raised still higher. 
At the second running the lead will be sneoeeded by a regulus, 
which is usually tolerably rich in copper, and is sold to the 
smelters of that motal; the slag is then allowed to run into a 
pit at the side, and is so free from motel as not to de worth 
further manipulation. 
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The ora hearth ” ie of qnito uiothei* conetructioo, aod the 
prinoipal fuel oonenmed in it ia peat. Hence ite euitabiUtjr for 
'^e northern parte of the kingdom, where peat ie the oheapoat 
ffieL The constmotion of thia (which ia eometimes also ci^ed 
the Sootoh fumooe) may be nnderatood from the accompanying 
diagtaitt (Fig. 1), which reproaeuts a aeotion from back to front 
mereljr of the working part Above the upper line is carried a 
hood for collecting the heated fames, and tlio flues by which 
tiiey ace carried off to the condensing chambers. The hearth- 
bot^m itself is represented by A, the work-stone by B, in the 
oentre of which is a groove for carrying any lead which flows over 
into the bason c. This lost is kept warm by a small fire at s; 
•B is colled the pipe-stone, os it contains the fnnnel-ahaped 
aperture which holds the twyer; and f the forestone, which 
extends across the front of the furnace, and which can be raised 
somewhat it a full ohar|ro ehould be worked, in which case the 
contents will reooh os high aa the dotted line. 

In most cases it ia found desirable to calcine the ores before 
reducing them by this process, though some qualities may work 
very well without this preliminary operation. A smelting shift, 
as it is termed, lasts from twelve to fifteen hours, and is worked 
by two men. 'When the ore-hearth is ready for work, the hearth- 
bottom A ia already full of molted lead and bronae, the latter 
being the looal name applied to a mixture of half-reduced ore 
and slag. A little coal is first sprinkled over the surface, and 
then the peat la built up in the form iudhattud by the dotted 
line; some peats already ignited are placed in front of the 
nozxle of the twyer, and the blast is immediately turned on. 
'When the whole of the fuel is properly ignited, some bronso is 
thrown in on the top behind the foro-etone f. As soon as the 
lead begins to flow, the workman thrusts his poker into the 
hearth-bottom and stirs it up, which cansos some of the contents 
to fall uiion Uie workstono.; any grey slag that may lie mixed 
with it ia separated and put on one side for future treatniont, 
and the bronso (which has become further oxidised during its 
short exposure to the air while on the work-stono) is shovelled up 
and returned to the hearth along with some fresh ore. At each 
Btirring of the contents, vrhich is now repeated every five 
minutes, the assistant pla'es a fresh pent in fi-out of the twyer, 
and ro-arranges the rest, so that tlic blast may bo evenly dis¬ 
tributed throughout. When the reooiving-pot is sufficiently full 
of load, the one man keeps tho sarfiico skimmod while the other 
ladles the load out into the pig-moulds. Tho metal produced by 
this process is usually very pure, as tho temperature employed is 
too low to reduce any of tins other metals there may be in tho 
ore, except tho silver, which always comes over with tho lead. 

liVhethor tho reverberatory or the blast furnoeo be used, it 
will ho seen from tho fori'going dosoriptions that there arc certain 
slags, the grey or furnace slags, which are put on otio side to be 
treated separately. Thus,’ consist principally of the oxide <ft 
load with occasionally a little both of tho sulphate and sulphidiii 
and a large proportion of earthy ingredients, such as silica, 
baryta, lime, etc. "Wliotf a sufficient quantity of thefc slags 
have boon accumulated they ore reduced in another kuid of blast- 
fumare called tho slag-hearth. 

Figs. 2 and 3 will give tho elevation in section, and a hori- 
xontttl plan of tliis furnace on tlio level of tho twyer. Tlio con- 
atmotion of it will be very readily understood from the draw¬ 
ings. ^ Tho slags which have to be rodneod in tlUs heartli seldom 
contain so much as 35 per cent, of lead, and ore altogether more 
refractory in their composition, so that a much greater heat is 
required j and a mixture of coke and peat is selected as the fuel 
in the north of England. 

^bout one and a-half to two hours ore employed in getting tho 
furnace up to a sufficient temperature, when tho grey slag mixed 
with a little branee is thrown in. After a sufficient time has 
elapsed to admit of tho load having begun to separate, the 
furnace-man makes a hole with a pointed iron rod in the clay 
stopping immediately below the fore-stone a, and the slag then 
runa out over the lead through b into the slag-pit c. The load 
tronghj^t will be seen, ia divided iub' two compartments, which 
eommuwo^ with one another by a dttle hole at tho bottom of 
the iron plato which seporatea them. The larger compartment 
is filled up with spongy oindera, whioh act as a filter, the lead 
peroolating through them and passing on to the ampler eom- 
partmenf, while the slag flows on to c. At tho close of the 
operafiom tii««3ay stopping is all removed, and the imperfectly 
reduced remainvng en &e floor of the hearth (which ia caUod 


alag-heorth bronae) is raked out put on one side for use ia 
the next shift. Slog lead is rarely so pure in quality os the metal 
yielded by the regular processes, as it is neoessary to employ a 
temperature which will reduce the iron and other metola that 
may be in the alaga. 

b the foregoing descriptions we have pnrppaely omitted all 
reference to &e arrangements for the ooUeetion of the fumes 
arising from the expulsion of the snlphnr, and more partionlarly 
from the partial volatilisation of the lead itself. It will be re¬ 
membered from the description given of copper smeltmg (Article 
XX.), that the snlphncous acid evolved is destructive to all 
vegetation; but beyond this the lead salts ore all highly 
poisonous, and if they were allowed to escape into the air from 
a short ohimney, the water and all the herbage and plants 
around would become so affected by them aa to be unfit either 
for human or animal food. A largo quantity of load would in 
such COSO also be irrecoverably lost. The arrangemeuta for 
the collection of this lead must be reserved for another ortiolo. 


BUILDERS’ QUANTITIES AND MEASI^RE- 
MENTS.--XV1. 

ET K. ■'WTimHAM TAR.V, K.A. 

"Ws now resume tho dimensions of work done by the plumber, 
zinc-worker, gas-fitter, glazier, painter and dodor.ator. and paper- 
hanger commenced in our last paper. 

GLAZIBB. 


4) a 8 
3 4 


2) S 0 
3 0 


6 6 
3 0 


C 6 
3 0 


7 0 
10 e 


4 0 
2 6 


7 0 
3 6 


4 6 
3 0 


6) BO 
2 0 


3 0 
2 0 


12 ) 3 8 

3 6 


4) 6 8 

3 e 


7 0 
5 0 


02 3 


35 0 


10 6 


10 6 


73 C 


10 0 


24 C 


U 6 


05 0 


C 0 


Glaring with 2nds crown, ia 
squares 14" ^ 10". 


Ditto best, ditto, ditto, 

18" X 12". 


Ditto beat Dvitiah sbect,ditto 
30" K 18". 


PoUsbing ditto. 

Glazing with best Brit, plate, 
ill sqres. 7 ft. x 3 ft. 6, 
^ m. thick. 

Ditto, ditto, in sqrs. -JB' x 15'*, 

Extra bendg. plate glass. 


G’azg. with rough plato, la 
sqrs. 27'’ x 18". 


Glaring ia lead quarries, with 
tintedcatbedral,copper tics, 
audcementg.iuto stonewTk. 

nackiug out old gloss. 


Ko. 8 doz. sqrs. cleaned. 

M 4 glass tiles, 20" x 10", 

PAINTBB Ain> EBCOBATOB. 

Enottg. prifflg., and 4 rils. 


280 0 


63 4' 


35 0 


<i« 


; Ord-wainacot and 2co. varnd. 
4 oils, skylight, * 



a) 48 0 
9 0 


8} 15 0 

2 6 


8} 48 0 

S) 48 0 


^UILDEBS’ aUANTITIES AND MBASUEEMENTS. 


I 4 oil* andflat toplMtor,flnd. AB8TB4CIT FOB FIiTTKBKB, ZinO-fittbb, bto. 

I I ash green. 


Q 


2) 15 0 


3 oila to baluateis. 


4 oil* skirting. 


Skirtg. grd. w., and 2ce. 
Tamd. 

3 oil* outtg. to stairs for 
carpets. 

4 oUa staff lioad. 


16 0 2 oils edge of aliolf. 

30 0 3 oils strings. 

No. 4 sash flames 4 oils l>. 6 ft. ky 4 ft. 

„ 3 ditto, ditto, 8 ft. by 5 ft. 6 in. 

„ i^dozeri squares, ditto, small. 

„ 2 ditto, ditto, large. 

„ 2 small casements, ditto. 

,, 4 stone obimncy-pieces, S oils. 

„ 3 abutter burs, 3 oils. 

Staining, sisg., and 2ce. 
39 0 vomg. 

8 6 4 in. letters in gold and 

sbaded. 

48 0 Oilding 1 in. mouldg. 

Distemper 3 tints. 


FAFEB-BANOBU. 

Hanging Id. paper, includg. 
480 0 sizing to walls. 

/ 

Ditto, 2d. ditto, ditto, and 
616 0 lining paper. 


Ditto, 6d. ditto, ditto, ditto. 


Famioing, sizing, and strip¬ 
ping old paper, and bang¬ 
ing with 4d. paper. 

Couras lining for paper. 


Freparg. walla and banging 
marbled paper 3d. per yd. 
on a lining paper, bung in 
Uooks, ^od and Tomd. 


Milld. lead, roof.' NniBEn. 


2) 48 0 
2} 65 0 


! Solder Jt., 25 oz. in 1 in. w. i. I Glazg. 2nd or. 


112)5040 

4Scwt. 

Ditto guttere. 
ft. 

37 6 
6 


f in. pipe. 
2 

Ditto 1 in. 


Ditto 1 j; in. 
2 


welded insqrs.l4"x 10*. 
tubing. ft. 

ft. 62 3 

55 0 


Ecu. 

4 in. earee 


Ditto 1* in. 


f in. tin 
ditto, 
ft. 

: 30 0 


112) 225 


_ IM". ». 

X.W.P. 


Ditto bipa. 

IM llin.tmm- 

pet waste 

2 ft. 3 in. " ■ 

112)630 

- Ndubeb. 

5owt.701b. gerricabox. Oot. bead 
tt/. ^ to E.W.F, 


Ditto step flasbg. 

^ o « i *“■ 

® and 0 . ball. 
5 1 


Short pieces 
lin. tubing. 
5 

Bends ditto: 


Tees ditto. 
2 

Cross ditto. 
1 


112)213| 


Icwt 

.100^ lb. 

Ditto cistern. 

ft 

ft. 

87 6 

12 6 

6 

7 

225 

87i 


and 0 . ball. (Shoes dltto.l ^ 
1-12 1 

Conncctg. 

Ditto Mb'soazles 
ditto. ditto. *■ 

1 a 

1 in. Biup- 

1 in. stop gtopd. ends ®“’‘- 
ditto. I gutter. I 
^ 4 , 


Ditto best ditto, 

18" X 12". 

ft. 

36 0 

Ditto best Brit, 
sheet, 26 os., 
39" X 18". 
ft. 

19 6 

Foliabg. ditto, 
ft. ■ 

19 6 

Olazg. beat 
Brit, piste, 
^ in. Mick, 
7 ft. by 3 ft. 
6 in. 
ft. 

73 8 

Ditto, ditto, 
48" X 15". 
ft. 

10 0 

'.ugb 

i plate, 
ft. 

13 6 


225 j 
112)312^ 

2 cwt. 88^ lb. 


Gold mouldg., 1 in. wide, 
fixed with needle-pte. 


Haring completed the aeries of imaginary dimensions for the 
plumber’s work, eto. etc., we now proceed to form an abatraot 
of them M before. This abstract might hare been disponed 
across the page, so as to exhibit the whole of the work required 
xe the difieront branches specified, in one table. For oonreni- 
ence’ sake, however, it has been found advisable to present the 
work of the plumbm, aino-fitter, gas-fitter, and glazier in one 
Abstract, and tiiat ctf the painter and paperhanger in another. 


Bun. 

Sold, angle, cis¬ 
tern. 

ft. I 

17 6 . 

s 

Close noilg. e. nls. 
ft. 

15 0 

J in. strong pipe 
end Joints, 
ft. 

12 0 

1 in. ditto, 
ft. I 

45 0 I 

1} in. ditto, j 

ft. ! 

35 0 j 

Ij in. ditto, 
ft. 

16 0 

5 in. sifil pipe, 
ft 

32 0 


D-tmp. 

1 

Syphon in 
m. pipe. 
1 

W.C.appr. 

1 

Br, grntg. 
sold. 

1 

2} in.toroe- 
pump. 

1 


J in. nnion Bending plato. 
jts. ft. 

8 24 6 

12 in. plain Qlozg. in Id. 
bracket. quarriee, 

4 tintd. oath., 

copper ties, 
24 in. dbla. cemantd, to 

ditto. atone. 

2 ft. 

96 0 

Fendant, 

bydraalic Hacking out 
joint old glass. 

1 ft 

6 0 

Slight 

obondelior. 

1 


NoKBxa. 

Squares clcond. 
8 doz. 

Glass tlUifei. 

20 " K 10 ". 

4 
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AsSTSACT FOE 

PAINTEB and PAFEBHANaaB, BTC. 

C' 

Taihtiui tut) DscoaxTOB. 


Pafxrbasoeb. 

2oa<. 

8 OiU. 

1 00,. 

5 OOt. 

Sun. 

Bim. 

Sun.. 

Sun. 

TSvMBxa. 

Pparg. walls and 

BheU edge. 

Balusters. 

Enottg. and 

Stone 

hnngg. Id. paper, 
ft. 

5)480 0 

ft. 

ft. 

primg. on deal. 

; chimney- 

1C 0 

9) ?5 0 

ft. 

piece. 


84 yds. 

9)280 0 

4 

12)96 0 


31 yds. 

. _ 

8 pieces. 





Btn. 1 
Cuttg. to \ 

Ditto skylight, 
ft. 

9) 35 0 

Qbainiho 
.ISO Vaasa. 

Sun. 

ft. 

Ditto, ditto 2d. 
and lining paper, 
5)616 


trouds of 1 
stairs, j 

4 yds. 

9)93 4 

12} 121 


ft. 

31 0 

Flattd. to 
plaster, ash 

10} yds. 

11 pieces. 

, 

Strings. 

greeu. 

.. 

Ditto, ditto Cd. 


ft. 


and ditto. 


ft. 

30 0 

9)881 0 

Bus. 

ft. 


1 96 yds. 

Skirtmg. 

ft. 

5)780 0 




96 0 

12)156 0 


NuMurn. j 



13 pieces. 


Shutter bur. 1 

Bun. 




al 

Skirtg. knottd. 

Stainiso, 

Canvas lining, 
ft. 

9) 420 0 


1 

primed. 

ft. 

2t0 0 

&e. 


1 t 

1 Sun. 
Sized and 

47 yds. 


1 

Staff bead, 
ft. 

vomd 2co, 
ft. 

Harble paper 3d. 

i 

, i 

1 

■to 0 

9)39 0 

on Hning paper, 
in blocks, lined. 


1 

1 . 

i 44 yds. 

sized and vamd. 
5) 900 



I KuWBSlt. 


— 



Sush frames, { 

j Sun. 

12) 180 



C ft. X 4 ft. 1 

Distemper 

15 pieces. 



4 1 

2 tints. 



i 


ft. 



1 

Ditto. 

9)360 0 

Bus. ' 

1 


8 ft. X 5 ft. 6 in.' 
2 1 

40 yds. 

Border, 

ft. 

1 


Small squares. , 

_ - .— 

3)00 0 

1 

i 

i 

8 doz. j 

Bus. 

12)32 0 ‘ 

I 

t 

• 

i 

Large ditto. , 
^ doz. 

4 in. letters, 
gold and 

9 doz. yds. | 

1 

1 




' 

Small case- j 

102Inchea 

1 in. gold moldg. 
with needle- 



meats. ' 

2 

lin. moldg. 

points. 

ft. . 1 

130 0 




1 gilt, 
ft. 

1 



48 0 
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NOTABLE INVENTIONS 

AND INVENTORS.' 


XXX.—ISAMBABD EINGDOU BBVNEL. 

» BY JOHN TIMBS. ' 

Th 38 great and original engineer was the only son of Sir laam- j 
bard Mark Brunei, and was born at Portamonth in 1806. Aa ! 
Normim^ was the birthplnoo of both his parents (his mother j 
being a laiss Kingdom, of Bonen), hia choice of a school, the j 
college of Henri i^atre, is reasonably explained. He was, as | 
it wore, bom an engineer, and those who recollect him as a hoy 
will remCmber how rapidly, almost instinctively, he entered 
into an^id#iitified himself with the plans and pvrsnits of his 
father. The son was very early remarkable for hia power of 
ment.ol' caloalation, and for his rapidity and accuracy as a 
dranghtsman. Nor was this power confined to mechanical 
drawing, for he thns early evinced a love of art and artistic 
feeKng vMiich 'charaeteri^ him throngh life. His father 
watched these early indications, and hhi education was directed 


to qualify him for the profession in Which ho afterwards became 
distingaished. At the age of fourteen he was placed under the 
caro of Mr. Masson, before he entoi'ed the college at Coen, 
where he remained two years. He there completed a sound, 
practical education, and learned to observe and investigate facts, 
to generalise them, and from such inductions to deduce sound 
rules for praotioad conduct. 

From Caen Brunei returned to England, and commenced his 
professional career as his father’s assistant in the Thames Tomiol 
works. The energy and ability he displayed in mastering the 
physical difficulties in this great scientific struggle are duly 
chronicled in its records; and it has been shown that at this 
time the anxiety and fatigue he underwent, and an accident he 
met with, led to futuro weakness and illness. In one of the 
irraptions the rush of the water carried him up tlie shaft. In 
his descent in a diving-bell to examine the broach made by the 
irruption the bell was lowered about thirty feet, to the mouth 
of the opening ; but tho breach was too niUTOw to allow it to 
go lower, that tho shield and other works, which lay eight or 
ten feet deeper, might be examined from the bell. Mr. Ib’unel, 
therefore, took hold of the rope, and dived below tho boll for 
tho purpose. After ho had remained under water about two 
minutes, hia companion in the beli became alarmed, and gave 
a signal which caused Brunei to rise, when he was surprised to 
find how much time hod elapsed—a circumstance accounted for 
by tbe condensation of the air in tho boll, from which his 
lungs were supplied by the pressure of a oolumn of water nearly 
thirty foot high, which would condense the air into nearly one- 
half of its usual bulk. Upon a sunilarly trying occiision Brunei, 
being an expert swimmer, saved the lives of several workmen at 
the risk of his own. He was wcleomod with a hearty and re¬ 
spectful cheer by tlio workmen, who crowded round him and 
wept like children os they affectionatoly grasped Ills hand ; and 
the wives of tho men he had saved foU on their knees before 
him, imploring blessings upon him; others cut little pieces from 
his coat, which they long treasured as relics. 

Brunei at an early ago possessed the advantage of being able 
to express or draw clearly and accurately whatever ho had 
matiued in his own trained mind. Ho could also work ont with 
his own hands, if he pleased, the models of Ins own designs, 
whether in wood or iron. As a mere workman ho would Lave 
excelled. Even at this period steam navigation occupied his 
mind, for he made the model of a boat, and worked it witli 
locomotive contrivances of his own. Everything !.i: Uhl with all 
his might and strength; and th^o same energy, thoughtfulness, 
and accuracy, the same thorough conception and mastery of 
whatever ho undertook, distinguished h'm in all minor things. 
(‘‘ Stories of Inventors and IMsooverors,'' 1800.) 

After tho suspension of tho Thames Tunnel woi'ks, Mr. Brunei 
became employed on his own account at various works. At 
Bristol and Sunderland he constructed docks, and he designed 
a suspension bridge across the Avon at Clifton. When a rail¬ 
way was contemplated between London and Bristol, and a com¬ 
pany formed, Brunei was appointed their hnginecr; and curious 
it is to read tbe report of a lociuro delivered at Bristol, in 
tho year 1833, by John Britton, the antiquary, upon this 
means for reviving "‘the commerce of tho west.” Brunei’s 
earliest works were on the Bristol and Gloucestershire, the 
Merthyr and Cardiff, and several colliery tramways, when his 
mind was first turned to tho construction of railways. He was 
ajjpointed engineer of the Groat Western Bailway Company, 
being then only about twenty-eight years of age, but skilful 
and ingenious, and anxious to strike ont an entirely new course 
of railway engineering. From tbe great proportion of passenger 
traffic expected it was proposed to travel at a higher speed upon 
this line than had been attiunod npon any other railway. With 
this view the permanent way was to be peculiarly laid, princi¬ 
pally in fixing the gauge at seven feet, a much greater width 
than had hitherto been adopted, and by which greater steadiness 
could be ensured than otherwise was wsnsistont with high speed. 

“ Tho direotors seem early to have had misgivings as to the ex¬ 
pediency of the change introduced by their engineer; and in 
1838, while the line was still under construction, they invited 
several engineers of eminence to advise with them on tho snb- 
jeot. Bobert Stephenson and James Walker declined to do ; 
but Nicholas Wo<^ and John Hawkshaw consented. Both sent 
in reports which oonentred in recommending the adoption of the 
narrow or established gauge, in place of the broad or exoeptional 
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ono. Mr. Hawkshaw olearl/ pointed ont that the existing 
gauge had originated in experience, and that the men whose 
practical knowledge of railways had been greatest saw the least 
occasion for its alteration; that three-fourths of England was 
being txavorsed by the narrow gauge, and it would be a great 

* evil if the Great Wostom district wore to be isolated from all 
the groat linos in its neighbourhood; that nothing was to be 
gained by increasing the width of the gauge, while much might 
be lost by the unnooessary expenditure of capital in the first 
place, and by driving traffic in other directions in the next; 
and under these oircnmstanccs ho strongly urged that, ns only 
twenty-two miles of the railway had been laid down at the 
d.ate of his report, that portion should forthwith bo converted 
into narrow gauge, and the remainder oxocutod of the same 
width. Mr. Hawkshaw'e recommendations, were of no avail. 
Mr. Itnincl, Mr. Babbage, and Mr. Eussoll Gurney opposed 
their adoption by the company: genins, science, and eloquence 
carried the day. Mr. Brunei assured the shareholders that tlio 
broad gauge was the best gauge, and that the Groat Western 
* could have no connection with any other of the main lines of 
ruilw:^’.’ On a division tl.o shareholders endorsed the re¬ 
commendations of their engineer, and tlio controversy was for 
a time put an end to by the e.'mplction of the Great Western as 
a broad-gauge railway, which was so novel that it was called 
the Grand Experimental Uaihvuy; while it rundored Brunei 
famous as a railway engineer. 

“ Years passed, and nnlways of a different gauge mot Mr. 
Bruuel’a line at many points. Mr. Brunei himself was the 
engineer of various lines of narrov- gauge, thereby admitting its 
practical snfficioTicy for railway traffic. The Itrenk of gavyc 
eventually came to be viewed in tho light of n public e.alamity. 
The Inlorvontion of Parliament was even colled for, and a Eoyal 
Commission was appointed to lake evidence and report on the 
bubjce.t,, which tliey did in IS Ifi. But it was too lato to remedy 
tho evil. While an actual saving of capital would have been 
effected by tho adoption of Mr. Hawkshow’s recommendation 
eight years before, it was now found that tho alteration of the 
Groat Western linos from the broad to tho narrow gauge would 
cost upwards of a million sterling. How was this amount to be 
raised ? By tho sbaroholdors, or by the pnbUo ? Tho question 
was, indeed, felt to bo surrounded with difficulty ; and all that 
tho commission did wa.s lc> recommend tho future restriction of 
tlio broad gauge lines to their own district. Since that time 
someliii ig lia. bee’- done remedy the original evil; the mixed 
gauge—that ‘ , tl’>. na/i gauge with the broad—lias been 
adopto’, and g'-.uluall.v extondei^''’ ' 

Among the jreat Wostom constructions are tho viaduct at 
Hanwell; tho Maidcr.' ? 1 Bridge, which has tho flattest arch 
ever attempted in brickwork; and tho Box Tunnel, which at the 
date of its construction was tho longest in tho world. Tho 
excavation through the s.>lid rock of the latter was satisfactorily 
accomplished nnder tho direction of Mr. Brunei. This tunnel, 
which is ventilated by six shafts, varying from 70 to 300 feet in 
depth, is 3.173 yards in length. It pierces through Box Hill, 
between Chippenham and Bath, port of which is 400 feet abovo 
the level of the railway. The number of bricks used in its con- 
strnction was 50,000,000; a ton of gunpowder and a ton of 
candles wore consumed every week for two years and a half; 
and 1,000 men and 250 horses were kept constantly employed. 

The tubular bridge over the Tamar, together with the similar 
bridge over tho Wyo, tho “ bowstring girder bridge ’’ at Ohop- 
slow, are imposing monuments of Mr. Brunei’s boldness and 
skill. Tho principle upen which these bridges wore planned 
has been much criticised, but tho works oxocutod undoubtedly 
possess great strength and durability. The foundations of 
those bridges, under the customary modes adopted with such 
works, would have been extremely difficult of cxeimtion; but 
Mr. Brunei’s ready appreciatiou of the merits of now dis¬ 
coveries enabled him to take full advantage of tho pneumatic 
process, by a modification of which he established the founda¬ 
tion of the principal pier oV the Saltash Bridge, at a depth 
of water and soft mnd nt which no works of the kind hod 

• boon previously founded. It consists of nineteen spans, seven¬ 
teen wider than tho widest arches of old Westminster Bridge ; 
while the other two, resting on a cast-iron pier of four columns. 
oross,,the whole stream of the Tamar, at a leap of upwards 
of 900 feet, or a greater distance than the breadth of the 
Thames at Westminster. ' The total length of tho stmoturo 


from end to end is 2,240 feet; its height from foundation to 
summit is 200 feet, or more than SO feet higher than the London 
Monument. Tho main pier in the centre of the river, on whicl^ 
the great spans rest, has its foundation on solid rock, under 
some 70 feet of sea-water, with 20 feet of mnd and concrete 
gravel. This was built on the coffer-dam principle. An immense 
wroaght-lron cylinder of boiler plate, 100 feet Ugh and 37 feet 
in diameter, and weighing upwards of 300 tons, was made and 
sunk exactly on tho spot whence the masonry was to rise; then 
the water was pumped out and the air forced in ; the men de¬ 
scended. and, working as in a gigantic diving-bell at the bottom 
of the river, cleared out tlie mnd and gravel, until tho rock was 
reached and hewn into form to support tho cylinder evenly all 
round. Powerful steam air-pumps wore necessary to keep the 
labourers supplied below; and they worked at an atmospheric 
pressure of upwards of 35 lbs. to tho jpeh. On this massive 
idle, built in tho cylinder, the iron columns for tho centre pier 
are raised. Until tlicso pondcrons masses were cast, motal 
works of such dimensions wero seldom dreamt of. ’There are 
four octagonal columns 10 feet in diameter, 100 feet high, and 
150 ions weight. These columns stand 10 feet apart from each 
other, in the centro of the granite, and are bound together with 
a massive lattice-work of wrought iron. The groat spans, each 
of which has one end resting on two of these columns, arc made 
on the principle of a double bow; the lower ono is of chains, 
carrying tho roadway ; the upper is a tube of wrought iron, to 
which tho lower is attached by powerful supports. Thus, a great 
weight on the lower bow only tends to give additional support 
by strengthening the upper, and rice vers't; each, in fact, conn- 
tcrncts tho effect of tho other. Each arched tube is elliptical 
in form, and made throughout of inch bidler-platc, with inside 
wrought-iron diaphragms, with tie-rods and angle-irons. .The 
pressure on the centre ijior foundation is more than eight tons 
to tho foot; the whole work involved six years’ toil, anxiety, 
and peril. 'Ilie Chejistew Bridge has a span of 30G feet, Icsidcs 
three side spans of 100 feet each. 
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BEAWING FOE BEICKLATEES. 

In addition to the positions already mentioned, brick arches are 
also used nndor the following eirenmstanees:— 

When the whole or part of a front is to bo covered with 
cement, straight arches arc sometimes built rgngh in the follow¬ 
ing manner:—At the key or crown of the arch fragments of 
bricks aro laid, cut to tho form of the letter V. All the others 
are whole bricks, parallel sided, but diverging inwards in con¬ 
trary directions, and cut at top and bottom only to the splay. 
Tfts can searecly bo said to carry ont tlio arch principle, and is 
HOT by any means to bo recommended. Inverted arches ore 
generally used in hod or doubtful foundations, and often even 
in good foundations, immediately nniAr the apertures of the 
doors and windows. These may either be segmental, semi-cir* 
onlar, or parabolic. 

In storehouses,'stables, etc., where much light is not required, 
Borai^circular openings are sonietiracs made arched at top, with a 
sill at the bottom. 

In the basement storey of buildings smnT ciroulor apertures, 
technically lormod “ buH’s-cyes,” arc sometimes made, which .are 
arched all round, sons to possess tliej’roi erties both of common 
and inverted arches. 'These, however, seldom cxeucd throe feet 
in diameter. 

Bough arches arc often naod to snpport tho flues of chimneys. ^ 
whenever it is required to change the direction of those flues, in 
order that those belonging to distant fireplaces may be brought 
up in tho same shaft at tho top of the house. 

Arches for coal-cellars, etc., ore often built opposito to the 
basement storey of houses, beyond tho area, so as to extend 
below tho pavement of the street. These arches are commonly 
Bcmi-circular, ono brick thick, not exceeding nine feet iuispan, 
and having pier walls of one and a half or two bricks jn thick¬ 
ness—that is, when there is a continued range of them; they 
being supported at the extreme ends by abutments of greater 
thickness when necessary. 

In plan tho pier walls of such arches nsually servo to snpport 
horixontal arches, forming the extreme ends of tho same yaults, 
which are thus enabled to resist the pressuzo of earth of the 
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THE TECHNICAL BDUCATOE. 


ftiMt or oxtoraal ground. Arohea of thia. doBoriptaon iuay 
b« aMB is the aide walla of the Metropolitan Railway. 

DBiJNS AND 81WSB8. 

^ The pvrpoae of these leaaona preolndea onr entering farther 
into this aubieot than to describe some of the forms of draina used 
for CMTying off sewerage, and onr illnatrationa mnst neoesearily 
be limited to such aa are conatracted of brioka to the ezoluaion 
of drain-pipes formed of earthenware. 

Prom every water-pipe carrying off rain-water from the roof 
of a building, aa well as from every sink and water-closet, a small 
drain leads into a greater one, the former of which ia called a 
branch drain, whilst the latter ia oidlod the principal drain of 
the building. The latter likewise reooivea the water from all the 
areas, and also often from the grounds in the immediate vicinity 
of the building, which for this purpose is levelled at a gentle 
slope, and has surface-drains or gutters leading to iron gratings 
over the main drains Ifjr which the water descends after rain. 

Branch drains when built of brickwork arc of throe kinds 

1. Plat at the bottom, with perpendicular aides and arched at 
the top, like the section of a small gallery. This kind of drain 
ia built of various sizes, from 9 to 24 
inohes wide. In the first, throe 
courses of brioks would be employed, 
the walls and arch being 4| inches 
thiek; in the latter the waUs would, 
as a rule, consist of eight oourses, the 
onatom being to make the height to 
the springing oorrespond with the 
width. The oroh, aa explained in a 
former lesson, would be formed of 
two concentric rings, 44 inohes each. 

2. The barrel or circular drain. The 
smallest size used is 9 inches in dia¬ 
meter, which is built with a 4-inoh 
arch. This size is considored suffi¬ 
cient for carrying off clean water. 

Barrel, or, os they are sometimes 
called, gun-barrel drains, ore the best 
in ezpo^ aituations, bccauae of their 
strength; but as, nnless by some 
apeoial construction, there ia no mode 
of cleaning them without breaking 
them up if they are too long to be 
raked, ^ey should not be employed 
ezoept with a cotisiderable fall and a 
frequent or constant stream of water 
through them, os from a pump, 
trough, rain-water tank, etc. They are constructed on a 1 ar- 
relled centre, which the bricklayer drags on as he advances 
with his work, finishing as he goes. * 

In this, as in all sm^ arched forms when built of the rod^h 
brioka, the joints must necessarily open very wide at the eztrados 
or outer ring, for the reasons previously stated. HoKoe in the 
drains at the Ordnance Barracks at Chatham the bricks wore 
ordered to be cut and gauged. When this is not done, pieces of 
broken brioka, tiles, etc., should bo put between the bricks at the 
outer ends of the joints instead of using all cement or mortar. 

In barrel drains of larger diameter, the oiroular arch is formed 
of several 44^-inoh conoontrio rings of brickwork. The slope of 
a drain for clean water may bo from 14 to 2 inohes in 10 feet: 
the elope for a drain carrying down other sewerage should be 
from 2 to 3 inches in 10 feet, where snob a slope can be com¬ 
manded. The barrel form is that generally adopted for small- 
^rams, for which there seems to bo good reasons, as the circle 
u the most compact and strongest form, and gives greater 
velocity, or, aa it is termed, a sharper run to the water than u 
flat-bottomed drain of the same width. 

All sowers, in fact, which are intended to convey anything 
more than water should either be cylindrical, or be bnilt with 
concave bottoms, although the sides be parallel and the cover¬ 
ing ^rizontal. The concave channel keeps the stream more 
togekhei^ and better enables it to earty its imparities along with 
iti whereas a flid:-bottonied drain offers a large surface for the 


portioleB of soil to attach themselves to; and farther, the stream 
of water being more scattered ia less efficient in force. 

Brains, in places where it may be nocossary to open them at 
any time, should be somewhat of the form of the letter U, semi¬ 
circular at bottom, and raised for a few ooursos above the inverted 
arch; the whole being covered witii a flat stone. The obviona 
advantage of thia arrangement is that the drains may bo opened 
and examined without materially deranging the work; whereas 
the small drains constmoted wholly of brickwork cannot be thus 
examined without taking the upper part of the arch to pieces. 

In all small drains, except those for dean water only, it is 
necessary to have cesspools considerably larger and some feet 
deeper than iho drain or drains to which they belong. 

These cesspools being covered by a stone or iron pinto, or 
sometimes by a grating, receive the sand or earth washed down, 
and thus prevent the drains from being choked up; and when the 
coBspools themselves are nearly full, which should be ascertained 
by the persona in charge of the buUding, they must be emptied 
out by removing the stone or iron covering, which is replaced 
after the clearing is effected. Besides those cesspools, it is usual 
to form much smaller ones of a diffe¬ 
rent description, usually termed 
“stink-traps,” to prevent offensive 
BmoUs from passing along tlie whole 
extent of a drain. They are made 
by forming part of the bottom of a 
drain at a lower lovel, so that water 
must necessarily stand in it at all 
times, although the body of tl.c drain 
may bo occasionally dry. 

Into the Httlfi pool of walor thus 
formed a vertical stone or plate of 
iron is fixed from above, tlio under 
part of which enters lower than the 
surface of tho water. Thia arrange¬ 
ment, without impeding tho regular 
course of water in the drain, which 
finds its level after entering beneath 
this stone or plate, prevents in a ver; 
great moasnro tho passage of fonl air. 

These traps are now made of iron 
or' earthenware, and should bo well 
studied by tbo bricklayer, so that he 
moj^ understand their action. 

Care should be taken in arrsjiging 
the small drains of a building that 
notHlng bnt tho clean water dtains 
shall have any possible communication with the tanks or cis¬ 
terns for receiving rain-water from tho roofs when such are used. 

When the principal drain of a building is within a few foot of 
the auifaoe, it may be formed of bricks or earthenware pipes 
large enough to carry off with cose the greatest quantity of 
water that can come from the branch and surface drains, i. 

This arrangement is not, however, always practicable. In 
every building having a basement storey it becomes a necessity 
that tho bottom of the drain should bo below tho level of tho 
area. In this case, bnt more especially where the drains pass 
under pavements, roads, walls, etc., which cannot conveniently 
be disturbed, it is proper to make them large enough fur a man 
to go through and examino any part of it. Brains of this 
desoription are termed eewors or culverts, to distinguish them 
from the smaller kinds before described. 'Jlio smallest sized 
opening in which a man can well move by stooping is one of 
24 feet in width by 34 feet in height 

Such sowers may bo oUiptical in section, oval, or egg-shaped— 
i.e,, wider at top than bottom—or they may have vortioal sidem 
with somioirolos dr arcs at top and bottom. 

Fig. 595 is a section of a drain of the kind last mentioned. In 
this example it wiQ be seen that the walls of the drain ore one 
brick in thickness, the upper and lowm: arches being formed of 
two 4|-inoh rings. Those are fomad of brioks laid on edge, and 
are not rubbed to the splay, which, ia not deemed necesaaiy in 
arches of this character and spaa. 
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NEW POPULAR'educator. 

AN ENCYCLOPAEDIA OF ELEMENTARY AND ADVANCED EDUCATION, 
IN A SERIES OF PROGRESSIVE LESSONS. 

REVISED TO THE PRESENT DATE, WITH NUMEROUS ADDITIONS. 

Complete in Six Vdumes, 41a pp. each, best cloth gilt, 6s. each : or in Three Volumes, half calf, to... 

“ The first book which I will recommend is * Cassell’s Educator.’ A man who really has read, and thoroughly knuw.s 
the contents of that, is a man who will understand the greatest part of what is going on around him, which is a great deal 
more than can be said of the best Greek or Latin scholar, or even the acconi]>lished lawyer.”— The R^ht Him. Robert 
Lowe’s SfieeeA at Halifax. 

" There is probably no cyclopiedia of education in existence which is so complete in its way as this. Whatever branch 
of human knowledge may be selected as fit exercise and training for the mind, here are ready to hand a plan to work upon 
and n^aterials to work with. Languages ancient and modern, English literature, history, general science, arithmetical, 
gcomctiical, physical, and moral; we may almost say not quicqnitl as^mt, but qniajuid diseunt homines may be found here.” 
— Standard, 

TECHNICArEDUCATOR. 

AN ENCYCLOPAEDIA OF TECHNICAL EDUCATION. 

Uniform with CA.^SEir.’S POPULAR EDUCATOR.” 

Complete in Fuiu VitUiines. Coloured Frontispiece ami nuiucruus IMustmtiuns in cacli Volume, extra crown 4to, pp , 6h. cacli 


Professor T.ronb Lf-vj writes“ Hy the publication of such a wort you confer the grc.ite-vt pas-siM- stnwifc on ihc c luse of technical education . 
and 1 earnestly hope that our artis.aii!* will ponder over its pages, and there learn to master the principles of tho" • •MJeiK»*s whit U must ever l>e the 
fundamcnml basis of all iadustrial art 

" We have little doubt that ihi* * Technical Educator* will soon be as widely appreciated as Its well lvn*»\vn pndfcossor, thi- * Popular Educator.'" 
RducaH^nal Times, __ _ ___ _ 

I'wll Prospectus of the above will be forwarded posf free on application. 


’ OkSSELLS TECHNICAL MANUALS. 

y 

Consisting of Volumes adapted for Teachers in Public and Private Schools, for Students in Training Colleges and Science 
Classes, lor use in National ami Elc nentary Schools, and for persons prep.aring for ” Whitworth Scholarships,” or the 
Government Department of Science and Art, the Society of Arts, the Middle Class Examiniitions, and for Artisans and 


Students generally. 

By ELI.TS a, bAVinsON. 

Linear Drawing. With 150 Illustrations. 

* Rotirieentk Tkousnttd. 2*>. 

Orthographic arid Isometrical Projection, 

With Forty whole-page Dtagraras. Tenth Ttmusand, CIoth» as. 

Building Construction. With 130 Illustra- 

tions. Eighth Thousand, 'is. 

Practical Perspective. With Thirty-si.K double¬ 
page Illustiations. Clalh, 3s. 

Model Drawing. With Twenty single and Si.'c 

double-page Plitteis. 3s. 

Ellis A. Davioson’s Technical Drawini; Models, consisting 
of Twenty-five Blocks, in case, £1. 

Drawing for Machinists. Secottd Edition, i 

With over 200 Engravings, Cloth, 4s. fid. 

Drawing for Carpenters and Joiners. 

With 250 Illustrations. Fifth Thonsand. 3s. tid. 1 

Gothic Stonework. With Seven double and 

Eighteen single-page Plates. cXIoth. 3s. 

Drawing for Stonemasons. With Six double i 

and Twenty-five single pages of Illustrations, adapted for Drawing 
Copies. Cloth, 3S. ^ 


I Bv EI.LTS A DAVIDSON (amtinucd). 

I Drawipg for Bricklayers. With Two double 

I and Thirty-two single pages of lllusitations. Cloth, 3s. 

' Drawing for,Cabinet-makers. With Twenty- 

four single and Five double page^ of Illustrations. Cloth, 3s. 

Drawing for Metal Plate Workers. Clotli, 

3S. 

Bv Proekssor church. M.A. 

Colour; With Six Coloured Plates and numerous 

Diagramit. Clctthg an. 6d, 

Dv Major V. D. MAJENDIE, R.A. 

The Arms and Ammunition of the British 

Service. With mimerous Illustrations. Clothe os. fxl ^ 

Bv Professor ROBERT BALI., M.A. 

Applied Mechanics. Illustrated by numerous 

Duitfnims. Clothi 25. 

Bv CHARLES RYAN. • 

Systematic Drawing and Shading. With 

numerous I UuRtrations and Drawing Copie*;. Fifth Thoummi as. 


CASSELL, PETTER, GALP IN, LONDON, PARIS, AND NEW' YORK. 





Selections from Cassell, Petter, & Galpzn’s 

EDUCATIONAL WORKS. 


FRENCH. 

Cassell's Lessons in French, in a Series of 

Easy and ProgreMive l.esson*.. One llHiuiredth'rhoutaHd. Pans 

I. and tl.. doth, each, es. Gd. Complete in One Vol., as. Gd. KEY 
to ditto, IS. : cloth, IS. Gd. 

French and English Commercial Corres¬ 

pondence. Cloth, es Gd. 

French and English Correspondence for 

Boys. Cloth, as. Gd. 

French and English Correspondence for 

Youne Ladle*. Clotli, as. Gd. 

Cassell’s Sixpenny Lessons in French. 

Nrw and Revistd Bdition. 6d. ; cloth, r^. 

The Marlborough French Grammar. 

SiWHlh EdiiioK, Enlarged and Erntsed. Arr.inged and eompile<l 
hy the Rev. J. F. Bright, M.A , M.istcr of the Modem School m 
Marlborough College. 164 pp , doth, as Gd. 

The Marlborough French Exercises. 

FifA Bdition^ Enlarf^td tind Refused. Hy tlic Rev. O. W. 
T>ftf elSLB, M.A., French Mimtcr in Marlborou)4h College. Acl»pted 
for use in connection with the ** Grammar.*’ Cloth, 3s. 6d. 

Tfuu Two lyorkt are ritnv in test at Harrow and Mariboroufih. 

GERMAN. 

Cassell's Lessons in German. Coniaining 

iViHystematic Grammar of the Oemiati l.,anguage. Ptiris 1 . and II., 
clotn, as. 6d. each. Complete, 400 pp , cloth, 4s. 6d. 

Cassell's International German Reader, 

for the Use of Schools atul Colleges, with Copious Notes. Cloth. 
540 pp., 4S. ( 5 * 1 . 

Cassell’s Sixpenny Lessons in German. 
The Marlborough German Grammar. 

Nmo and Revhed Edition, Arrangrxl ami Compiled hy the Hev, 

J. K. RriciiTp M.A., Master of the Modern School in Marllx>rough 
Coll^o. 3s. 6d 

DICTIONARIES. 

Cassell’s French and English Dictionary. 

. New and Revised Kditien. Crown 8vo, <,56 pp , 3$. Gd. 

Cassell’s German-English and English- 

Oermun Pronouncing Dictionary. Hew Edition. Crown 
8vo, ^ pp., cloth, 3^. 6a. ' 

Cassell’s Latin-English and Eng'ish- 

Latin Dictionary. ]ly J. R. Beard. D.D., and C. Beard, B.A. 
Crown 8vo, 914 pp., 38- Gd. ‘ 

Cassell’s Webster’s Etymological Dic¬ 
tionary. living the Etymology of F.very Word contained, .and a 
. Vocab^ry of the Roots of Words. Crown Svo, cloth, red edges, 
3s. M. o 

ARITHMETIC, ALGEBRA. &c. 

Arithmetic for School and College Use. 

With a copiotift Collection of Kxam^s, a Chap er on the Metric 
. Sytitem and Decimal Coinaec, Ac. ByT. Pemcv Hudson, M A., 
hue FcUow and Tutor of Trinity College, Cambridge, lomo, clo:h. 
With KEY. la fid. 

.Cassell’s Elementary Arithmetic. In Three 

Part* I., 4d. i Part 11 ., 6d. ; Part 111 , pd. KEY t6 each 

Part, 3d. each. 

Cassell’s Euclid : Being the First Six Books 

with the Eleventh and Twelfth of EucI d. Edited by Profeuor 
WAUJtCK, M.A. IS. ; doth, xs fid. KEY, 4d 

The First Four Books of Euclid, for use 

^ Elementary Sehoob. td. ; cloth, pd. 

C^eU’s Elements of Algebra, ts.; cloth, 

t«. sd. 


NEIN EDUCATIONAL MANUALS. 

A Manual of Spelling, on the Principles of 

Contrast and Comparison. By J D. Morhll, LL.D , H M. In¬ 
spector of Schools. Crown Svo, xaS pp., cloth. Second Edition, xs. 

Elementary Astronomy. By R. A. Proctor, 

B.A.. F.R.A.S., Author of “Other Worlds." “The Sun,” &C. With 
nearly Fifty original Illustrations. 128 pp., fcap. 8vo. Second 
Edition^ IS. 

Elementary Geography. By Professor D. T. 

Anstsd, M a, F R.S., Examiner in Plivsical Geography in the 
Department of Science and Art. Illtistralca with Original DLigrams. 
x6o pp , fcap. 8vo. r^. 

Elementary Physical Geography. By R. 

A. PROLTOR, 6. A., P.k.A .S , Author of “Elementary Astronomy," 
&c. laS pp., fcap. Svo, cloth, ii. 

Elementary Botany. By W, Carruthers, 

F.K S , F.L.S , Principal) of the Botanical Department in the British 
Museum. xa8 pp., fcap. Svo, cloth, is. 

Elementary Chemistry. By F. S. Barfk, 

M.A., Pr()fes>or «»f Chemistry al ihc Uoyal Academy of Arts. 
IHiistniied. Cloih, xs. 

Social Economy. By Professor J. E. Tuorold. 

iu8 pp., fcap. 6vo. cloth, is 

The Little Folks’ History of England. By 

Ka Craig-Kkox, Author of “Esther West,’* &c. With Thirty 
Illustrations. ii 38 pp., fcap. Svo, cloth, ps. dd. 

a Manual of Elementary Music. By Henry 

Lfslip. 'I'eaching the Principles of Music in a plain firactical form, 
and enabling Teasers to give Children a thorough Knowledge of 
Mu'dc. Second Edition 64 pp , ex. fcap. Svo, cloth, is. 

Village School Songs, consisting of 50 selected 

pieces, set lo Music. Collected by Agn'IVs (J. Wickham. 6d. 

SCIENCE. 

Xi 

Natural Philosophy, in Easy Lessons. By 

Piofcssor I'vNDALL, F.R.S. Blustntted. New Edition. Cloth, 
lettered, ss. fid. 

The Three Kingdoms of Nature. A Manual 

of Natural Ilisio^. By the Rev. S. Bauchton, M D , F R S., 
he , Fellow of 'Innity College, Dublin. Crown 8vo, cloth, with 330 
liliivtnition^, 5s. 

‘ * A manual of sound, exact, and fruitful \iwm[eds'e.**-~‘Gnardian. ^ 

Elementary Chemistry for Home Use. By 

the Rev. H. AIartvn Hart, M.A. WiCu Coloured Frontikpiece 
and immeruus Illustrations. Cloth, 3s. Gd. 

“ A useful practical manual, very servicealile to a beginner."— Guardian. 

Galbraith and Haughton’s Manuals. By 

the Rev. Rrofessor Galbraiti^ M.A., Fellow of Trinity College, 
Dublin, and the Rev. Prufessor Haughtom, M.D., D.C.L., F.R.S. 
The high-class character uf this Series is well known, as furnish¬ 
ing Text-books for the Dublin University and numerous first-clasi 
Spools. 

Manual gf Arithmetie. Containing nearly 9,000 Examples, 
cloth, 3s. Gd. 

Manual of Plane Ti^onometry. Cloth, 9s. Gd. 

Manual of Euclid. Elements I., 1 I„ III. Cloth, as. Gd. 
Manual of Euclid. Books IV., V., VI., Cloth, aaGd. 
Manual of Mathematical Tables. Cloth, 3s. Gd. 
Manual of Mechanics. ClorK 3s. Gd. 

Manual of Optica. Cloth, as. M. 

Manual of l^drostatica. Cloth, 3s. Gd. 

Manual of 'ndea and Tidal Curranta. New BdUioss, 
with Tidal Cprd. Cloth, 3IA 
Manual of Aatrononiy. Cmh, $a 
Manual of the Steam Engine. Cloth, 3s. Gd. 

Manual of Algabra. Third Ediiwn. Port 1 ., etoili, as. Gd.; 
complete, cloth, 7s. Gd. , 
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Selections from CASSELL, Petter, & Galpin’s 

Mathematical Instruments and Water Colours. 


No. 


Mathematical Instruments. 


50. Deal Wood Box, varnished, contadning Compass, Pen ami 

* • Pencil, Crayon .. 

^ 51. Deal Wood Box, varnished, contaiiung Compass, Pen 

and Pencil, Rule, and Crayon Holder.. 

52. Deal Wood Box, with addition of Ruling Pen and Hon\ I*ro- 

tractor .. . 

53. Same, ditto, painted. Compass, Pen and Pencil, Ruling Pen, 

0 Lengthening Bar, H»rn Protractor, Rule, and Crayon Holder 

54. Same, ditto, with two Compasses. 

55. Same, ditto (sl'in. Instruments) .. 

56. Robcwood €^sc,wit1i two Comiimsses, Pen and Pened, I.,engthuii- 

itig Bar, Ivory Ruling Pen, Horn Protractor, Rule, and 
Crayon Holder . 

57. R<»sewood C*ase, with lock and key, two Comp:}sses, Bow Pen 

and Pencil, Bar, Ivory Ruling Pen, Protractor, Parallebs, 
* Scales. . 

58. Rosewood Cxse, with lock and key (siipenor jiistnsments), 

three Compasses, Bow Pen and Pencil, Bar, Ivory Ruling 
Pen, two rrutracturs, Pardtiel, Scale .. 

Best Engi.ish MAPh Instruments. 

47. Mahogany Cas^ rontsiining Compass, Pen and Pencil, Plot¬ 
ting Scale, ana Pencil .. *'..**’ 

46. Mahogany Case, same as above, with addition of 5-111 Divider 
45. Mahogany Case, Lontaiiiing Compasses, Ink and Pencil Points, 
Dolling Pen, Lciigtlicniiig Bar, Divider. Drawing Pen, 

Plotting Seale, Khony Parallel .. . .. ^ ... 

44. Mahogany C'ase, with lock and key, containing SteebpointeJ 
Compass, Divider, Ink and Pencil, and Dotting Point, Bar, 
Buw Pen, twu Drawing I’ens, Lbony Rule, Scale, and Pro¬ 
tractor . . 


7 


Water Colours. 

Im Mukt^ny^mitk Sliding Tpi^ 

1. 1 uipro%'ed Colours, 13 Cakt^. Bni^. and &uoerK . 

.. Siiperline Colours, 18 Cakes, Brush, and Saucen 

7. 'flic Shillmg Colour Box^ 14 Cakes, do.* do.. 

'Ihc DniqueColour Box, 18Cakes,do., do, ... . 

'1 be Educator Colour Box, 37 O'kes, cU>., do.... 

'rm: Fine Art Coiour Box, No. i, containing ts whole 
takes of the finest Colours Brushes. Pencils, olab, Com¬ 
passes, Indian Ink, &c., in a handsome Bdahogany Case^ 

hick and key .>. 

'1 HIS Technical Drawing Box, concaintiigSet of Mathe- 
•luitiLal Instruments, Colours and Slab, Indian Ink, Pen^, 
India Kubbc:r. Drawing Pins, Brushes^ Set Square, la-in. 
Rule, in Polished Wood Box, with sliding lid . 

COLOURS FREE FROM POISON. 
fit Mahogany^ with SOdiug Top, FaHskod Senes. 

i.i>. Containing 0 targe Caken. Brush, Crayons, and Sauvera ••• 

I 'l. Tur Bp.lle SAtiVAGK CotorR Bux, in Tin Case, wUh Lad 
to serve as Palettes, contaiiiipg xa Cokniis and Brushy ... 

111. ('ontauting 15 small Cakes. Brushes, Crayons,and Saucezs... 

17 ('ontaining 15 large C.<ke}^ Brushes, do., do, .. 

i^‘I1(aining 18 large Cakes, Brushes, do., do. 

Containing 15 large Cakes, Brushes, Crayons, Sauers, 

Squoje, Glue, &c.. .. . 

L'oniaining 18 large Cakes Brushes, Crayons, &c., lock and 

kry. ... 

57. C^uitiiiung I!' Lirge (.'akes, in a handsome Cau>e, inlaid with 
brass, HriislKS, Glue, Gold, Silver, and Bron/c Saucers, 
Rules, « .Saucers, lock and key . 
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— Afiy of the Water Colours or Mathcwatkal Instruments mentioned abave may be had by'order 
through any A^eni, care being iaken io secure those supplied by Messrs. Cassell, Vkiter, & GalPIN. 
^ Should any d.fficuliy arise as io the supply of any article ordered, the Fublishers will be happy to send it direct, 
on receipt of the amount in stamps, or per Post-Office Order. 


DRAWING. 

Cassell's Pemiy Drawing-Copy Books,; 

COMri,F,l’E IN 28 BOOKS. fRICE ONK PENNY EACH, '* 

Each Penny Bock cundMing of 14 pa^s of Drawing Copies fcap. 410. 
half of the page being oc upied by die Drawing Copy, and the other 
half left blank for the pupil to draw uwn. 

Cassell’s Sixpenny Drawing Copies, 

In Five Sets of Book^ adapted to the use of Kieinentary, Middle, and 
-Upper Class Schools ; for Schools of Ait, and for l^ivate Tuition and 
*Stiidy: an^ designed to prepare Students for the Art Examinaiiniis in 
connection with the Depdltmuiit of Science and Art at South Kensington 
and the Society of Arts 

Each Scries may also lie bad complete in 12 Parts, price 6d each: x? 
Panels on Caidb^ard, price xs. each ; or in One Volume, cloth, 7b. 6 d. 


WRITING. ‘ 

Cassell's Penny Copy-Books, 

COMPLETE IN 18 BOOKS, PRICE ONS PSNNT EACH. 

Being AN ENTIRELY NEW AND COMPLETE SERIES 
OF WRITING COPIES. Printed on Paper carefully prepared 
for Writing purpost-'f, with COPPER-PLVTE Copies, and cooUuililig 
everything which is required to form a good hand. 


A St'PKxroR KiitTioN of the.He Curv-BooKS is now ready, printed on 
SUPERFINE WRITING PAPER from COPPER-PLATK 
Copicb, each Book'cQntaining 24 Pages, 

Coinplete in 12 Books, price Twopence each. 


THE NEW EDITION OF 

CASSELL PETTER, & GALPLR'S EDUCATIONAL CATALOGUE 

Is now ready, containing full descriptions of their New and Standard Educational 
Works, suitable for all classes of Schools, and an enlarged List of their 
School Materials, including all descriptions of Mathematical Instruments, 
Water Colou]^, Drawing Models and Copies, Drawing Boards, T Squares, ^ 
Squares, Chalks, Crayons, Drawing Pencili^, &c. &c. Post free on applic^jtion. 

• CASSELL, PETTER, 6* GALPIN, LONDON, PARIS, AND NEIV YORK. . 

* 'A 


r 


Selections from Cassell, Fetter, & Galpin’s 

Popular and Standard Works. 


Cassell’s Illustrated History of England. 

With about 2.000 IHinstiaticms. Post 410. %,ooo pp. Complete io 
'Eight VoU., ciotK. 6k. and 7^ 6d. each ; or complete in Four Vols . 
half calf, JQ4. llte CiotK VoUtmes can be had separate. 

• — — — Toned Paper Kdition, VoK. I., II , III , 
]V«, V.» and VI.^ bound in cloth, each 9s. 

Cassell’s Popular Natural History. With 

about 2»000 Engra^lncfi and Tinted Plato. Complete in Tmo 
V ols., crown 410, ijSBa PP** cloth, jos. : half ralf, 45^ ; or h.-tlf 
morocco, 5C6. Also in Four Vols., with Coloured Jllustraiiom, cloth, 

4 SBU. 

Cassell’s Household Guide. Furnishing in 

the roUest and most extended sense a Guide to Evety Depaitmcni 
of Practical Ufe. Cohured Cookery and lUu'» 

trations on nearly every page. Cotnpietc m Four Vols , with copious 
Analyika! Indices, cloth gilt, price < 3 s. carh ; or complctr m 
Vols., half calf, I IS. 6d 

Cassell’s Biographical Dictionary. Edited 

hy Rev. T. Tbicnmouth Shokk. MA 1.159 pp. imp 8vo. 
Illustrated with Porttaits. Cloth. 21s.; half morocco ur uilf, tss 

Cassell’s Guinea Illustrated Bible. With 

990 lllustratiDns, full Referenres, a Concordance. I'ritical and Rx- 
plonatory Notes on the New Testament, Engraved Family KcKistri, 
&c. &c. Royal 410, 1,476 |>p. Cloth gill, gilt edges. 21s , misrocvtr, 
gilt edges, 85s. 

Cassell’s Bible Dictionary. With nearly 600 

Illustrations. Strongly bound in cloth, vii-.. in nissia or moroi'-co, 
40f>. I.IS 9 PP>» imperial 8vo. 

Cassell’s Child’s Bible. With 220 Ilhisira- 

tioox. Demy 4to» cloth gilt,is., leather, -ins., inotorro clcg.uit, 
4SW. 

Cassell's Family Prayer Book. 400 pj)., 

^ demy 410, doUi, 7s. 6d.: cloth, gilt edgc.s, os 

Cassell’s Banyan’s Pilgrim’s Progress. 

ContAiniim roo Illustrations by Sfi.ous and l’Kit*u>. Ini)>rria] Hvo. 
400 pp., (^th, ys 6d., cloth gdt, gill edges, 10s, 6 d. 

Cassell’s Bunyan’s Holy War. Uniform 

with the aliove, and ^amc piicr, 

CassMl’s Foxe’s Book of Martyrs. Edited 

by the Rev. W. Bramcfs’-Moorf, M.A. With 181 Krmr.iviiins by 
John Gjlbbrt, Mortkn, Kuwakos, Kc. Imperial 8\a| 
y3B pp., cloth 18S.: full gilt cloth, 15s. 

Cassell’s Book of Sacred Poems. With 

|[g|«botit 900 TUustrations. '^Editcd by the Rev. K H. HAVV!:.<k. M.A 
Ii^perial 8ve, 400 pp.. cloth, yx. 6d.; cloth gilt, gilt edges, ro». 6(1 

Cassell’s Illustrated Readings. Vols. i. it 

with about 150 Engraviiigik in each Vohime Cloth gilt, 7s. (nl. 

. gilt edgoft, ios> 6X each. f>r, the Two Vols. in <.)nc, cloth, i^.-. od . 
Wfciiu, 15s. 


Cassell’s Illustrated History of the War 

between Prance and Germany. Volume I now ready. Wit\j 
850 Engravings and Plans of the Batt!c*FicUK. Extra crown 410. 
cloth giit, 576 pp., 9x. 

Illustrated Travels. Edited by H. W. Batks, 

F RG.S., Assusiant-Sccreitry of the Royal Geographical Society. 
Vols I.. 11 ., .and III. are xiow ready, roalatning nearly 200 
Kngraviiig.s ill each Vohime. Royal 410, prii,e X5S. cloth, 01 i8s. 
cloth gilt, gilt edgex, 

Cassell’s Illustrated Goldsmith. With io8 

Engravings. Imperial 8vo, cloth, yx 6d., full gih. gill edq:es, 
105 6d. 

Cassell’s Illustrated Shakespeare. Wiih 

500 Jlliistralions tiy H C. Skloi/S. p'.(liied l)y Chaki ns and Makv 
C owniiN Clakkk, Coiiinlclt in Hirer Vols, •.■.lOX pp.. cloth, 
lettered, jCi css. : half morocro. C'? cos 

Cassell’s Brehm’s Book of Birds. Trans- 

l.ued from the Text of Dr. IIrkhm. by Professoi RvMrx Jonhs, 
F.R.S With upwards of 400 Eugravinvi*. i*n Wood and numerous 
ftilbpagt Plates, pnntrd m t'olours. from Oiigiiial Design' h> F. W 
Krvi:» 0 >mi>lelt' in I'mir Vos . 4to, cloth, 75 Od . full gih, gilt 
edges, MIS, ul. • nch. 

The Transformations of Insects. Second 

Kdiiion. Ity P. Martin IIoncan. M D. FRS, Pinfrssot of 
Geology, King's <.^>llegc, J.fnndon. Illusiraled wsilj F<>rL> full p*gf* 
and TOO other highly fiinslied Kngra^ings. Royal 8vi>, 500 pp . 
handsomely bound in cloth gilt. los. 

The World of the Sea. Translated from 

the French of Mo<.»i’in Tandon, by the Rev H. .Maut\ n Hart, 
M.A Demy bvo, 44R ])p . with hAgiilrcn ('oloured and Timed 
Plates, .and mimcious Wood Kngi.ivmgs. t'lrnK, leiietcd, as, 

CHEAP EDITIONS OF FIGUIER’S WORKS. 

• Now publishing, in extra crown 8vr> Vols, with ^il) the OrigiiLil l]histr.i- 
tioiis, and with the Text revised and < orrecied. Otith, 7s, 6d. each 

The World before the Delude. Newly 

Edited and Revised by H. W. J/ristow. F.K S With •.'■15 lllu> 
trations. (AVu* ready 

The Insect World. 'Hevised and corrected 

by Profi--*isiM P Dini-in, MIX, IM< S. Wah 370 

Plates ^ ^ ^ [ AVw ready. 

The Vegetable World. Wiili 471 lllustra- 

tions \Kradv Sept. 1. 1S72. 

The Ocean World. With 427 Illustrations. 

{Ready Dec t, 187?. 

Reptiles .and Birds. Edited b) Paukek 

Gilmoki* Willi 307 illiisir.iLirnis, 604. pp \Ready Mat 1, 1473 

A few Copies of the Ti,iigc P.ipei Ediiinns of lla above Works can 
Mill he obtained. Cknh, ri'L. cloth gill, gill edges, 21s 


POST FREE ON APPLICATION. 


' Oasse/I, Fetter, & Galpir's Complete Descriptive Catalogue, 

CnituninK a Um of several liuiulrcd Works classifieit iimler ihe fullmviiiK Iwatl- ■ 

Btblies and Religious Literature. History. 

Children’s Books. I Miscellaneous. 


) .^ctlpnarles. 

; ';.s!i(|[«n^tionai Woi’ks. 
'S!^ne.;,J|^, voinmes. 

Guides. 


f 


Natural History. 
Poetry. 

Serial Publications. 
Travel and Adventure. 




AND NEW YORK. 
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